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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNitED STATES GEOLOGICAL SURVEY,
Diviston oF HYDROGRAPHY,
Washington, D. C., July 21, 1903.

Str: I have the h0n01 to forward herewith a preliminary report on the Geol- ‘
ogy and Under ground Water Resources of the Central Great Plains Region, by
N. H. Darton, for publication as a professional paper.

Mr. Darton has ‘been engaged for sevepl, years in btudymg the geology of
the Great Plains region, and, although t}haigvestlgatlon is by no means- com-
pleted, it has been thought desirable to prepare some of the results for prelim-
inary publication. The endeavor has been made -to obtain all available information
regarding the deep wells that have been bored, and a sufficient knowledge of.
the geology has been obtained to enable us to interpret their results and the
bearing which’ they have on the prospects for further water supply in many
portions of the region.

In the geologic map that accompsies the report there is presented all that
is now known regarding the principal formations of the region, based on a large
number of observations by Mr. Darton and his assistants, supplemented, by data
already published in various ways.

Very respectfully,
F. H. NEwEgLL,
Hydrographer in Charge.
Hon. CaarrLes D. WaLcorr, N

Director United States Geological Survey.
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PRELIMINARY REPORT ON THE GEOLOGY AND UNDERGROUND
WATER RESOURCES OF THE CENTRAL GREAT PLAINS.

By N. H. Darton.

INTRODUCTION.

The area to which this report relates is shown in PL 1I. It comprises the
greater portions of South Dakota, Nebraska, and Kansas, and the eastern portions
of Colorado and of Wyoming, an'area of about one-half million square miles. It is
, the result of my investigations during the past eight years, but includes also all
available data from many sources. I have been aided by varions field assistants, those
deserving special mention being Messrs. C. A. Fisher, C. C. O’'Harra, J."E. Todd,
the late C. M. Hall, G. B. Richardson, W. S. Tangier Smith, E. H. Barbour, and
the late J. E. Macfarland. ‘

On account of its size, the region presents relatively diverse geologic condi-
tions, but comprises comparatively few formations, most of which are widespread.
The questign of water supply, both overground and underground, is one of great
interest to the people in this district, and although considerable progress has been
made in some sections in developing well waters, there are vast areas in which the
present supplies are'inade;quate, even for local domestic use. In order to understand
the relations of the underground waters it has been necessary to investigate the
geology, especially the structure and stratigraphy of the water-bearing and
associated formations. This part of the work has required a very large amount of
special field study, and the present results show that extended investigation will
be required before many important questions of geology can be fully understood.

GEOGRAPHY OF THE CENTRAT, GREAT PLATINS,

GENERAL FEATURES.

The Great Plains province is that part of the continental slope which extends
fromethe foot of the Rocky Mountains eastward to the valley of the Mississippi,
where it merges into the prairies on the north and the low plains adjoining the ‘Gulf |
coast and the Mississippi embayment on the south. ‘The plains present wide areas of

21
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tabular surfaces traversed by broad, shallow valleys of large rivers rising mainly in
the Rocky Mountains, and they are more or less deeply cut by the narrower valleys
of the lateral drainage. Smooth surfaces, such as are shown in Pl III, and
eastward-sloping rolling plains are the characteristic features, but in portions of
the province there are buttes, extended escarpments, and local areas of badlands.
Wide districts of sand hills surmount the plains in some localities, notably in north-
western Nebraska, where sand dunes occupy an area of several thousand square
miles., (See PL VL)

The province is developed on a great thickness of soft rocks, sands, clays,
and loams, in thin but extensive beds sloping gently eastward with the slope
of the plains. These deposits lie on relatively smooth surfaces of the older
rocks. The materials of the formations were derived mainly from the west, and
were deposited layer by layer, during earlier times in the sea, and later either
by streams on their flood plains or in lakes. Aside from a few local flexures,
the region has not been subjected to folding, but has been broadly uplifted and
depressed successively. The general smoothness of the region to-day was sur-
passed by the apparently almost complete planations of the surface during
earlier epochs. Owing to the great breadth of the plains and their relatively
gentle declivity, general erosion has progressed slowly, notwithstanding the
softness of the formations, and as at times of freshets many of the rivers bring
out of the mountains a larger load of sediment than they can’ carry to the
Mississippi their valleys are now being built up rather than deepened.

°

ALTITUDES AND SLOPES.

The Great Plains provincé as a whole descends to the east about 10 feet in each
mile from altitudes of about 6,000 feet at the foot of the Rocky Mountains to those
of about 1,000 feet near Mississippi River. The altitudes and rates of slope vary
considerably in different districts, particularly to the north, along the middle course
of Missouri River, where the general level has been greatly reduced. West of
Denver the central plains have an altitude of 6,200 feet at the foot of the Rocky
Mountains, and this elevation is sustained far to the north along the foot of the
Laramie Mountains. High altitudes are also attained in Pine Ridge, a great
escarpment which extends from near the north end of the Laramie Mountains
eastward through Wyoniing, across the northwest corner of Nebraska, and for many
miles into southern Sonth Dakota. Pine Ridge (see Pl. IV, B) marks the northern
margin of the higher levels of the Great Plains, and presents cliffs and steep slopes
descending a thousand feet into the drainage basin of Cheyenne River, one of the
most important branches of the Missouri. From this hasin northward there is a
successton of other basins with relatively low intervening divides, which do not attain
the high level of the Great Plains to the south. .
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The Rocky Mountains rise abruptly out of the plains in a front range which

F16. 1.—Topographic map of a typical portion of the great sand-hill area in western Deuel County, Nebr. Contour interval,
20 feet. From Browns Creek topographic sheet, U. 8. Geological Survey. Scale, 2 miles to the inch.

of the higher sunmits rising to much greater elevations. The Black Hills rise
gradually out of the plains in western South Dakota and eastern Wyoming and -
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present mountainous summits about 4,000 feet higher than the adjoining plains.
The Bighorn Mountains rise steeply and have about the same relative prominence
as the Rocky Mountain Front Range.

DRAINAGE.

The northern portion of the Great Plains, above described, is drained by the
middle branches of Missouri River, of which the larger members are the
Yellowstone, Powder,.‘ Little Missouri, Grand, Cannonhall, Owl, Cheyenne, Bad,
and White. On the summit of Pine Ridge, not far south of the escarpment, is
- Niobrara River, which rises in the plains some distance east of the north énd -
of the Laramie Mountains. To the south is the Platte with two large branches
heading far back in the Rocky Mountains, the Rio Grande. and the Arkansas,
the two last crossing the plains to the southeast and affording an outlet for the
drainage of a large watershed of mountains and plains. Between the Rio Grande
and the Al:kansﬁs are Cimarron River and numerous smaller streams heading
in the western portion of the plains. Between Arkansas and Platte rivers is the
Republican, rising near the one hundred and fifth meridian, and an extended systetﬁ

of local drainage in eastern Kansas and Nebraska.

GEOLOGY OF THE BLACK HILLS REGION.
GENERAL RELATIONS.

The Black Hills uplift is an irregular, dome-shaped anticline, embracing
in its more obvious features an oval area 125 miles in length and 60 miles in
breadth, with its longer dimension lying nearly northwest and southeast. It is
situated in a wide area of nearly horizontal beds underlying the great east-sloping
plains that extend from the Rocky Mountains to the Mississippi, and has brought
above the ‘general level of the plains an area of pre-Cambrian crystalline rocks
about which there is upturned a nearly complete segquence of the Paleozoic and
Mesozoic rocks from Cambrian to Laramie, all " dipping away from the central
nucleus. There are also extensive overlaps of the Tertiary deposits which underlie
much of the adjoining plains area. The region 1s one of exceptionally fine
exposures, which afford rare opportunity for a study of stratigraphic relations
and variations. Many of the rocks are hard, and the streams flowing out of the
central mountain area have cut canyons and gorges, in the walls of which the -
formations often are’ extensively exhibited. The structure presented locally on
the sides of the uplift is that of a monocline dipping toward the plains. The-
oldest sedimentary rocks constitute the escarpment facing the erystalline rock
area, -and each stratum passes beneath a younger one in regular succession
outward toward the margin of the vuplift. ‘Section 2, Pl. X, is a cross section
~ showing the general relations of the formations. The “sedimentary members consist

w o
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-of a series of thick sheets of sandstones, limestones, and shales, all of which
are essentially- conformable in succession, except the overlapping areas of the

Tertiary deposits, which extend across the edges of the older formations.

The

stratigraphy presents many features of similarity to the succession of rocks in

the Rocky Mountains of Colorado and of Wyoming, but it possesses numerous

distinctive local features. The principal stratigraphic features are shown in the
first column in Pl. XII. \

< STRATIGRAPHY.

o

The following is a list of the formations which are exhibited in the uplift, with
a generalized statement as to the thickness, characteristics, and age:

Generalized section in the Black Hills region.

cally conglomeratic, partly massive;
greenish-gray shale; and limestone
breccia. -

Age. Formation. Principal characters. Thickness.
Feet.
Laramie .. -ooo.oeceeanes Massive sandstone and shale....._._... 2,500
Fox Hills..oonmmeennnenn. Sandstone and shale .................. 250-500
Pierre gshale ............. Dark-gray shale ... .. ... .. .. .. 1, 200
Niobrara ... ........... Chalk and calcareous shale .. .......... 225 °
Benton group: .
Carlile formation..... Gray shales with thin sandstones, lime- 500-750
. -stones, and concretionary layers.
. Greenhorn limestone .| Impure slabby limestone - -............ 50
Cretaceons:........- Graneros shale..._... Dark shale with lenses of massive sand- 900
stone in its lower part at some places. -
Dakota sandstone .._..... Massive buff sandstone....._.......... 35-150
Fuson ... ... ... Very fine-grained sandstone and mass- 30-100
ive shales, white to purple. -
Minnewaste limestone .. .| Gray limestone .__...._... P I 0-30
Lakota ... .........._... Massive buff sandstone, with some in- 100-350
: tercalated shale.
Morrison «..oooiioiiioan Pale grayish-green ghale... ... ........ 0-150
Jurassic () eenooao-- Unkpapa sandstone ...... Massivé sandstone, white, purple, red, 0-250
~ buff. - .
Jurassic c...coaaoo-n Sundance................ Dark drab shales and buff sandstones; 60-400
: : . ; massive red sandstone at base._ '
Triassic (?) .aconnes Spearfish __._...__....... Red sandy shales with gypsum beds....|  350-600
Carboniferous |[{Minnekahta Yimestone....| Thin-bedded gray limestone ........_.. 30-50
(Permian). Opeche.. ... .. .. ..... Red slabby sandstone and sandy shale. . 90-130
Carboniferous | Minnelusa ............... Sandstones, mainly buff and red, in 450-750 |
(Pennsylvanian ?). greater part calcareous; some thin '
s . limestone included. R
-Carboniferous |(Pahasapa limestone ...... Massive gray limestone. .. _.._......_.. 250-700
(Mississippian). Englewood limestone. . ... Pink slabby limestone .__.._...._..._. 25-50
Ordovician ......... Whitewood limestone -...| Massive buff limestone ...._..._..._._. 0-80
Cambrian ...._..... Deadwood ...............| Red-brown quartzite and sandstone, lo- |’ 4-450
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CAMBRIAN.

Deadwood, formation.—This representative of the Cambrian appe.ars entirely to
encircle the Black Hills, but has been removed complétely from the central area.
Probably it did not originally cover the entire area of .crystalline rocks in this
region, a portion of these old rocks forming the. surface during the greater
part of Cambrian time and furnishing the material for the earlier sediments.
Its beds lie unconformably across the upturned edges of the schists and granites
on a relatively smooth surface with local shallow channels. The formation is
thick in the northern hills, attaining a thickness of over 400 feet in the Dead-
wood region (see Pl XIII, 4), but thinning gradually to the south and especially
to the southeast. In the region west of Fairburn exposures were found in which
the formation is represented by only 4 feet of coarse sandstone lying on pre-
Cambrian schists. On Rapid Creek its thickness averages about 200 feet.

The materials of the formation are always predominantly 'sandy and the ‘colors
dark reddish-brown or dirty buff. The basai member ordinarily is a hard
" massive reddish-brown quartzite with pebbly streaks. As the formation thickens
this member is seen to be overlain by t]ﬂinner»bedded softer sandstones, in some
cases interbedded with more- or less shale. Portions of the basal -beds of the
Deadwood formation are conglomeratic, ranging from those with a sprinkling of ‘
quartz pebbles in the sandstone to a very coarse heavy conglomerate of large
rounded masses of crystall_ine' rocks and vein quairtz in a red-brown matrix,
Outer’opsv of the Deadwood formation vary greatly in prominence, but their
_extent in general is small. For many miles they lie in the slope below the high
escarpments of the Pahasapa limestone, where the ledges are often deeply buried
under talus from the clifts above. This is particularly the case on the western
side of the uplift. On the eastern side, where the dip is steeper, the hard
quartzitic basal member gives ‘riée to knobs or long bare rocky slopes of
considerable prominence, one of which is shown in Pl XIV.. The many
canyons cutting back inte th&fve_sfern 'escarpment_ and those crossing the ridges
on " the eastern side of- the uplift often afford excellent exposures of the
formation. : . o ‘ . - ) o

In the region ahout Deédwood the formation comprises about 30 feet of basal
. conglomerate, overlain by 30 feet of sandstone, followed by 200 to 400 feet of

" ‘gray shales, with layers of flaggy li~mest_0ne, limestone conglomerate, and

sandstone. ~Near the top is a very characteristic member of hard massive"
sandstone 5 to 12 feet thick, overlain by .20 to 45 feet of green shales of
supposed Cambrian age. The limestone conglomerate consists of flat pebbles and
flakes of limestone more or less thickly sprinkled with glauconite grains, a- char-
acteristic feature of the Cambrian of the Northwest. The formation Yields
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‘middle Cﬁmbriah' fossils, mainly Obolus, Hon,z'ihes,' Dz’ce&lmnus, Asaphiscus,
Olenoides, Pbychoparia, and Acrotreta. :

ORDOVICIAN. .

Whatewood: limestone.—This formation is a conspicuous member in the northern
Black Hills, particularly about Deadwood, where it has a thickness of 80 feet and
outerops extensively in a number of canyons, & typical eprsurebeing in Whitewood
Canyon below Deadwood. It thins to the southeast and southwest and finally dis-
appears. The rock.is a massive tough limestone, of buff color with brownish spots -
or mottlings. It contains ~léu'ge‘E1wloce7-as, Maclureas, and corals of Ordovician age. -
In part of the area it is overlain by several feet of greenish__shaies which may.
possibly be of Devonian' age, though no fossils have yet been found in them.’

CARBONIFEROUS

In the Black Hills region the Calbomfelous rocks CO(an'Ibe several formatlous‘
appalentlx 1epresenmng continuous deposition throughout the period. The many
formations of Mississippian and Pennsylvanian age, which compose the Carbonif-
erous in the_central’ United States, are not differentiable in the Black Hills, unless
possibly in their broader faunal ‘relations. There appear o be five formations
separable—the thin Englewood limestone at the base, the massive gray Pahasapa
limestone next above, the thick mass of Minnelusa sandy beds, the Opeche red
beds, and the Minnekahta limestone, the latter, at least, of Permian age. The
Carboniferous lies directly on the Camblian‘ in the central and southern parts of -
the Black Hills, but to the unorth it is separated from the Cambrian by the
Whitewood limestone and overlying green shales described above. .

Englewood limestone.—This formation consists of a series of thin-bedded, pale,
pinkish-buft limestones, which appears to extend continuously around the Black Hills,
everywhere 1m1nedmtely underlying the Pahasapa limestone. It averages 25 to 50
feet in thickness and presentb frequent-outcrops in the lower slopes of the limestone
escarpment and in numerous canyons. It merges rapidly into the overlying lime- .
stone, occasionally with a few feet of impure bnff limestone intervening. Generally
it is sharply separated from the Deadwood formation or the Whitewood limestone,
but only by a sudden change in the nature of the materials. It is usually fossilif-
erous, containing numerous corals and occasional shells. The following forms have
been rveported: Fenestella, Orthothetes, Leptama, Spirifer, Chonetes logani, Retiou-
laria peculiaris, Syringothyris carters, and crinoids. It is correlated -with the
“ Choutean” or ““ Kinderhook ” of Mississippi Valley. '

Pa/labapa limestone.—This prominent member, formellv knowu as the * ‘gray
limestone,” has an extensive outcrop area in the Black Hills uplift, constltutlng much

o
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of the high, wide plateau west of the central region of crystalline rocks and being
characteristically exhibited in the great lines of cliffs in the escarpment surrounding
that region. It consists of a thick deposit of massive gray limestone, usually out-
cropping either in precipitous cliffs with many picturesque irregularities of form or
in wide, flat surfaces.

The most extensive exposures of the Pahasapa limestone are in the great plateau
west of Custer. Here the formation hegins in a line of high cliffs, surmounting
"slopes consisting of crystalline schists and of the relatively thin sheets of Englewood
. limestone and Deadwood sandstone. In Pennington County the plateau has a width
of 10 miles of continuous limestone outcrop, constituting the most elevated area in
the Black Hills, except the small summit of Harney Peak. To the west the lime-
stone passes beneath the sandstone of the Minnelusa formation, but it is exposed
again in the arch of the steep anticline near the Wyoming-South Dakota line. East ‘
of the crystalline-rock area the limestone stands out on many conspicuous knobs or
lies on the eastern slopes of ridges due to the Deadwood quartzite, but does not
attain the high altitude which it has farther west. The more rapid dip to the east
soon carries the formation bhelow the surface in that directjon, but it constitutes the
walls of many of the canyons of the streams from Beaver Creek northward, notably
in the deep canyon of Spearfish Creek. . .

The thickness of the Pahasaﬁa limestone in the central and southern Black Hills
varies from about 450 feet at the northwest to 225 feet at the east and southeast.
All along the southeastern side of the hills it remains at 225 feet, with slight local
variations; then increases to 300 feet near Rapid, 350 feet on Elk Creek, and from
400 to 500 feet in the Deadwood region. In Spearfish Canyon 700 feet is reported
by Jaggar. The formation does not present any noteworthy lithologic subdivisions,
but its upper part is often siliceous and flinty and stained red to a greater or less
extent from the overlying rod beds of the Minnelusa formatior. Fossils oceur
sparingly throughout the formation, including Spérifer centronatus, Semimida
subtrlita, Productus, and Zaphrentis, a fauna which indicates Mississippian (lower
Carboniferous) age. ) )

Minnelusa formation.—The Minnelusa formation is néxt to the Pahasapa lime-
stone in order of prominence among the Black Hills formations, extending around
the uplift in a broad zone of conspicuous outcrops. It varies in components,
but consists mainly of thick masses of bhuff and reddish sandstones, which are
striking features in the walls of the many canyons by which the formation is trav-
ersed. The sandstones are mostly fine grained, massively bedded, and in their
‘unweathered condition contain a considerable proportion of carbonate of lime. Thin .
sheets of limestone occur in places, and, less frequently, sandy shales of red or gray
color.” Some layers are cherty. Although the formation probuably was deposited at

©
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A. TYPICAL VIEW ON THE HIGH PLAINS OF WESTERN KANSAS

Level floor of Ogalalla formation. Photograph by G. K. Gilbert

B. TYPICAL VIEW OF THE GREAT PLAINS WEST OF PIERRE, S. DAK.

The great brown prairie of Pierre shale, one of the finest grazing regions in the world. Photograph by E. H. Barbour.
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A TYPICAL VIEW ON THE GREAT PLAINS, NORTH OF CHEYENNE, WYO.

Buttes of Arikaree formation in distance. Looking southeast. Photograph by W. H. Jackson,

B, PINE RIDGE ESCARPMENT AT THE NEBRASKA-WYOMING STATE LINE,

high cliffs of Arikaree sandstone; lowlands of Brule clay. Looking west,
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B

SAND HILLS OF WESTERN NEBRASKA.

A Leeward side of dunes. Looking west. B. Windward side of dunes, with blow-outs. Looking southeast.
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the same tlme as the Coal V[easul es, which contain extensive beds of ‘coal in Mississippi
Valley, it is barren of coal in the Black Hills, except in the occasional occurrence of
very thin' beds of impure coal in gray shales. The formation is thickest on the
western side, where it is fully 600 feet thick. It thins gradually to the south and
east, being about 420 feet thick west of Hot Springs, and less than 400 feet thick on
Spring Creek. ,

‘ Although the Minnelusa formation has wide areas of exposure, it does not give
rise to very marked topographic features, generally occupying elevated slopes sur-
mounted by low hills and ridges due to its harder layers. Its inner houndary is
usually not marked by an escarpment such as is seen af the inner margin of the
Pahasapa limestone, and there is no noticeable topographic break in passing from
one formation to the other. ~ On slopes of the two formations the soil becomes sandy
on the Minnelusa beds. In the many canyons which are cut through that for-
mation the Pahasapa -limestone is usually exposed beneath it without presenting
any change of features except in color. The lower members of the Minnelusa
formation are generally buff slabby sandstones, often having a thickness of 100
feet,.and a thin bed of red shale.

Breccias, which occur in the middle beds, are a distinctive feature throughout the
southern Black Hills... The brecciated material is usually somewhat more calecareous
than the matrix, but it is all of local origin. In the region west of Hermosa and
thence northward the Minnelusa heds consist of a thick mass of coffee-colored sand-
stone at the top, reddish-buff sandstone with some thin interbedded limestone layers
next below, and a basal mmember of gray sandstone.- On the western side of the
Black Hills the formation consists of the members given in the record of the boring
at Cambria (p. 371).. In its outcrops there are exhibited a top series of light-
colored massive sandstones, a thick medial member of red and buff sandstones, and
a basal member of gray calcareous sandstone with reddish shale partings and consid-
erable chert. At its base there is usually a red shaly bed of slight thickness,
containing oval concretions of hard silica from 6 inches to 2 feet in diameter. The
total thickuess is about 600 feet. - A chemical examination of the borings from the
Cambria well shows that nearly all the rocks contain considerable carbonate of lime
underground, but in the outcrops the lime has been mostly leached out and
porous sandstones remain. ' ) '

. The age of the formation has not been satisfactorily asee1ta1ned for iOSallS are
rare. - A few impressions found in the. upper beds wesb of Hot Springs appeared to
be Productus semirecticulatus and Athyris subtilita, which indicate upper Carbonif-
erous (Pennsylvanian) age for these beds. Mississippian Leperditia have been
found in the concretions in the red shale at the base of the formation. If the
-formation represents the Hartville formation of the Hartville region, as it probably
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does, its lower portion is Mississippian and its upper beds Pennsylvanian in age.
There is some suggestion also that its lower beds represent the upper portion of
‘the Guernsey formation of the Hartville region, which would indicate a still lower
extension into the Mississippian. '

Opeche formation.—This series of red beds, lying, between the Minnelusa
formation and the Minnekahta limestone, extends continuously around the Black
Hills." Its exposures are almost always confined to the slopes below the escarpments
of Minnekahta limestone. Its thickness averages slightly less than 100 feet. The
materials are soft red sandstone, mainly thin bedded and containing variable
amounts of. clay admixture. At the top of the formation, for the first few feet
below the Minnekahta limestone, there are shales which are invariably of deep
purple color, The basal heds of the formation are usually red sandstones, the
beds varying in thickness from 4 to 15 inches. A few thin local beds of gypsum
are sometimes observed in the formation, attaining in Gillette Canyon a th1ckness :
of several inches.

On Spring Creek, Battle Creek and F rench Cleek the formatlon averages about .
" 100 feet in thickness; in Beaver Canyon it attains its maximum thickness of 150 feet;
on Cold Brook, 4 miles northwest of Hot Springs, its thickness is 115 feet, with
purple clay at the top, 50 feet of red sandy clay below, and 60 feet of red sandstone
at the bottom in beds 1 to 4 feet thick, with red clay partings; farther down Cold
Brook, at a point 14 miles from Hot Springs, a thickness of 135 feet is exhibited.
Along the southwest side of the Black Hills the thickness averages from 90 to 100
feet, and on the northern slopes is about 75. feet. In the well at Cambria the
following section was obtained: ' ’

Section at Cambria, Wyo.

- Feet
Purplish shales . ... ... ..o..ocoai.o [ . eeens 4
Dark-purple shales............. s [ 4
Red clay (sandy) ...oocvveoaaiaaa. et eeeeeaceeranaan ... 62
Dark red-brown sandstone.._._.................;: ........................... 2%
nght-red sandy shale lying on a light-pinkish sandstone at a depth of 1,096 feet,
which is supposed to be the top of the Minnelusa formation...... e 13
TOtalo e ee e ieeeei e eaenn. L 74

. The age of the formation has not been’ definitely determined, for so far it has
yielded-no fossils. From the facts that the overlying Minnekahta limestone 'isfbf'
Permo-Carboniferous age and that the deposition of gypsiferous red beds in other
regions began in Permo-Carboniferous time, the formation is provisionally assigned
to that division. - ‘ '

Minnekahia limestone.—This formation, long known as the * pulple hmestone ”
_is a prominent member in the Black Hills region. Though thin, averaging less than

[
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50 feet in thickness, it is hard and flexible and covers moderately extensive areas on
the outer slopes of the Minnelusa formation. The prominence of the Mirnekahta
limestone outcrops is due largely to the fact that the overlying formation is soft, red
shale, which has been deeply eroded, leaving the underlying limestone bare on slopes
_up which the red shale originally extended. The underlying formation, the Opeche,
also being soft, the limestone nearly everywhere presents an escarpment, and the

. many canyons which are cut through it have vertical walls of the limestone. (See
" Pls. XV and XVI.) :

The formation is uniform in character throughout, being a thin-bedded light- - -

colored limestone containing magnesia and more or. less clay. Its thin bedding is a
characteristic feature, although the thin layers are so cemented together that the
outcropping ledges present a massive appearance. On weathering, however, it breaks
into slabs usually 2 to 3 inches in thickness. On the western side of the Black Hills,
notably in the region from east of Clifton northward, its coloring is slightly darker,
varying from dove color to lead gray, and some of its ‘beds present a seminodular
structure. An increased admixture of clay is also observed in some layers. The
general appearance of the formation is always slightly pinkish, with a tinge of
purple, from which the term *‘purple limestone™ originated. The Minnekahta
limestone occasionally -contains fossils which are believed to be Permian forms.

TRIASSIC (%), ‘

Spearfish formation.—The Spearfish formation is the conspicuous series of

gypsiferous red beds encircling the Black Hills and in most places giving rise to .
the wide Red Valley, which, in the northern Black Hills, the Indians have designated
the ‘‘ race course.” Red Valley is treelebs, and usually presents wide areas of bare .

red slopes and red buttes, with frequent outcrops of gypsum. .-

The formation consists of from 350 to 695 feet of red sandy clays, with inter-
calated beds of gypsum sometimes 30 feet thick. The bright red of the shales and
the snowy whiteness of the gypsum are striking features; in PL. X VII an attempt
has been made to show the red color of these shales.

Were it not for the beds of gypsum the formation would present no noticeable
features of stratigraphy. The sedimentary material is almost entirely a red shale
containing varying amounts of sand admixture, and is generally thin-bedded. The
gypsum occurs in beds at various horizons, some of the larger beds extending con-
" tinuously over wide areas. There is also throughout the formatlon niore or less
gypsum of secondary deposition in very small veins.

. The continuity of the outcrops of the red beds is considerably broken in the
region west of Fairburn and Hermosa by overlaps of the Tertiary formations,
which in some cases completely fill Red Valley. The width of the outcrop varies
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from 1 to 3 miles, attaining its maximum in the region west of Buffalo Gap and in
the broad belt extending from east of Minnekahta station nearlv to the north end of
Elk Mountain. Owing to the local steep dip of the for mation, the outerop is very
narrow for 5 miles north from Cascade Springs and in a portion of the valley of
Stockade Beaver Creek east of Newcastle, The Belle Fourche cuts into the forma-
tion for some distance above and below the Devils Tower. .

The thickness of the .Spearfish formation can seldom be determined with any
degree of accuracy, owing to the softness of its materials and the frequent varia-
tions in its dip. Along the east side of the Black Hills it appears to have a thickness
of between 350 and 400 feet, so far as can be estimated from very indefinite dip
observations. In this region the principal bed of gypsum occurs considerably below
the center of the formation. West of Hermosa this gypsum bed has a thickness of
about 15 feet, but southward, in the region west of Fairburn, it thins out and may
at some points be absent. West of Buffalo Gap the gypsum deposits increase in
thickness and attain their maximum prominence at Hot Springs, where the prin-
cipal beds have a thlckness of 33} feet, with a 10- foot parting of ved shale between
them. In the wide part of Red Valley, extending south from Hot Sprmgq to Sheps
Canyon, gypsum beds are a conspicuous feature, but they gradually 'diminish in
thickness in- that direction. :

At Cascade Springs and thence north on the west side of the anticline the dips
are very steep and the outcrop of the Spearfish formation becomes so narrow that
Red Valley is only a few rods in width from the springs north nearly to the railroad.

-, Here a relatively accurate measurement of the beds was made from the steep slopes

of the Minnekahta limestone to the basal sandstone beds of the Sundance formation.

. At the base of the Spearfish there are 150 feet of red sandy shales, then a bed of

gypsum, in places 20 feet in thickness, overlain by 250 feet of red sandy shales with
a few thin layers of gypsam, the formation here having a total thickness of 420
feet. Just west of Fanny Peak a measurement was made showing 450 feet, or pos-
sibly slightly more, of red sandy shales, including two thick beds of gypsum near the
middle. Northeast of Cambria there are exhibited 25 feet of gypsum at the top
of the formation, several thick beds in its center, and a local thin bed of gypsum
lying directly on the Minnekahta limestone at its base. In the boring at Cambria
the Spearfish red beds were plainly recognized, having a thickness of 492 feet,
with the members described on page 371 In the deep well at Fort Meade the
formation is 695 feet thick.

_Throughout the Black Hills the formation is dlstlnctly separated from the
underlying Minnekahta limestone and the overlvmg shales and red sandstone of
the Sundance formation.
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MORTAR-BED TOPOGRAPHY AT MARGIN OF THE HIGH PLAINS IN CENTRAL KANSAS,

Photographs by C. Willard Johnson.
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Tt has been regarded as Triassic in age, because it lies unconformably beneath
marine Jurassic deposits and is underlain by the Minnekahta limestone, which is
known to be of Permo-Carboniferous age. " No fossils have vet been discovered in
the formation except a small fragment of a fish, which' was not sufficiently distinct
for determination. It is possible that at least the lower portion of the formation is
Permo-Carboniferous, but there is no evidence on this point one way or the other.

JURASSIC.

vSundmwe Jormation.—This member of the Jurassic extends continuously
around the Black Hills uplift and throughout its course presents characteristics by
which it can easﬂv be recognized. It outerops mfunly along the outer side of Red
Valley, on the lower inner slopes of Hogback Range, and in Belle Fourche Valley.
It carries abundant marine fossils throughout. The formation comprises about 350
feet of shales and sandstones, in a series which varies but little in sequence in
different portions of the region. The shales are mainly dark green and the
sandstones pale buff, but there is an intermediate member of sandy shales and sand-
stones of reddish color and often a local basal inember of massive red sandstone.
The shales usually include thin layers of limestone, which are always highly fossil-
iferous. Fossils also occur in the sandstone. Molluscan fossils predominate,
together with Pentacrinites asteriscus and bone fragments.

Certain members of the formation are of general occurrence, while others are
less persistent.. The usual succession is 60 feet of lower dark shale, 30 feet of
.massive, buff, ripple-marked sandstone next above, a reddish, sandy shale above
this, and at the top about 200 feet of green shale with thin fossiliferous lime-
stone layers. At the base of the formation there is often a massive red or buff
sandstone occurring in -extended lenses and frequently attaining a thickness of 253
feet. Some characteristic features of the formation are shown in Pls. XVII,
XVII, 4, and XIX, B.

Unkpapa sandstone.—This formation takes its name from one of the tribes of
Dalota Indians which at one time dwelt about the southeastern portion of the Black
Hills. Tt is always clearly separable both from the Sundance shales helow and the
Morrison shales or the Lakota_sandstone above. It consists of a very massive fine-.
graihed sandstone, varying in color from white to purple and buff. Its greatest devel-
opment is in the foothill ridges or hogbacks east of Hot Springs. Its first outcrops
southward are observed about Cascade Springs, and it extends continu;)usly from
that region, past Hot Springs, all along the eastern side of the Black Hills to the
Belle Fourche. . North of Buffalo Gap its thickness diminishes rapidly to less than
50 feet in most places but north of Rapld it increases locally to 150 feet. . It is
thickest in Sheps Canyon, southeast of Hot Springs, where 225 feet were measured.

10001—No. 32—05——3
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Some of the exposures east of Hot Springs are very str 1k1n0* in their coloungs
of brilliant pink, purple, and pure white. In three of the canyons between Fall
River and Buffalo Gap the rock has been quarried to some extent for building stone.
Portions of the rock are beantifully banded with various colors, in part along the
stratification planes, but often diagonal to them. In the quarry west of Buffalo Gap
these banded beds exhibit minute faulting in a most instructive manner, atfording
fine illustrations of block-fault phenomena. The sandstone is characterized in
_general by its fine grain and very massive biit uniform texture. (See Pl. XIX.)
Contacts with the overlying buff sandstones of the Lakota formation are frequently
exposed, and they are seen to be marked by considerable uncont01mlt\ due to
erosion. One of them is shown in PL XIX, A. '

<
CRETACEQUS.

Morrison shale.—This formation has been designated the Atlantosaurus beds by
Marsh and others, and for 4 while it was known as the Beulah shale. It appears
northwest of Hermosa, lying between the Unkpapa sandstone and the Lakota forma- -
tion, thickens rapidly to an average of about 150 feet, and passes around the northern
and western sides of the Black Hills as a prowminent member of the series. Beyond
the edge of the Unkpapa sandstone it lies conformably upon the Sundance formation,
and, owing to the similarity of materials, might not be readily separated if the rela-
tions had not been determined on the eastern side of the uplift. It finally thins out
northeast of Edgemont. The formation is mainly composed of a ‘‘joint clay” or
massive shale, somewhat- darker and more fissile to the east than to the north and
west. The predominating color is a very pale greenish gray merging into chocolate
and maroon. Thin beds of fine-grained, white or light-gray sandstone and some thin
local layers of impure limestone are’ ii)cluded. A few fresh-water shells were
observed, and there is an almost general occurrence of saurian bones, believed
to be of Cretaceous age, although some paleontologists regard them as latest

Jurassiec. ' .
Lakota sandstone.—This formation, which consists mainly of sandstone, gives
rise’ to the crest and upper -slopes of the hoghack ranges that form the outer
encircling ‘rim of the Black Hills. Its sandstolies are hard, coarse grained,
cross-hedded, and massive, with partings of shale of no great thickness. Locally
the formation includes heds of .coal, which about Cambria and on Hay Creek are-
mined to some extent. In the central and southern Black Hills its thickness is
_usually from 200 to 300 feet, with local variations; to the north it averages about
100 feet thick. Throughout its course it lies unconformably ‘on the Morrison
shale to the north and west and on -the Unkpapa sandstone to the east and south.
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A. CHEYENNE RIVER AT MOUTH OF LANCE CREEK, WYOMING.

A typicat stream of the arid regions, nearly dry in midsummer. View upstream.

B NORTH PLATTE RIVER AT THE NEBRASKA-WYOMING STATE LINE,

View showing shrunken midsummer condition. Looking east.
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The amount ot unconformity is not known, and the period of uplift it repl'esen'ts
was not one of flexing of sufficient amount to give rise to any material discordance
in dip. A typical exposure of the unconformity is represented in Pl. XIX, A.

Although the Lakota formation presents the predominant features above
described, there are frequent local variations in the thickness of the beds and in °
the occurrence of intercalated fine-grained members. In the canyon of Fall
River the formation has a thickness varying from 225 to 250 feet. (See Pl. XX.)
The beds of sandstone are very massive, but they are separated by greenish-gray
shales 15 to 20 feet thick at several horizons. The uppelmObt member, a dull-
vellow sandstone, is immediately ove1la1n by the Minnewaste hmebt%ne in the
. region east of Hot Springs. Some conglomeratic layers occur, especull; in the
lower members. .

Excepting petrified wood, which is abundant, fossils are rarely found in the
Lakota formation. A few bones of a stegosaur were obtained near Buffalo Gap,
and occasional bone fragnients were observed at various localities. Plants of
lower Cretaceous age occur east of Hot Springs and in the Hay Creek region,
and pine necdles are abundant in some of the ¢oaly layers. Cycads are found in
pla::es, notably in the slopes southwest of Minnekahta and near Blackhawk, and
recently Professor O’Harra has observed one northwest of Aladdin. This geolo-
gist also discovered the ~following fossils 3 miles north of Piedmont, which were
determined by ‘Dr. T. W. Stanton: An isopod crustacean, probably of tamily
Xgide; an Estheria; a scale of a gar (Ze_pzdosteua) and a crocodile tooth—
all fresh-water forms. ' '

Minnewaste limestoné.—This formation overlies the Lakoth sandstone from
the vicinity of Cascade Springs northward to Buffalo Gap. For the greater part
of its course it has a thickness of only 25 ‘feet, but is conspicuous on the hogback
ranges east of Hot Springs, extending far up the slopes on Some of the higher
divides. One of the most extensive exposures is at the falls of Cheyenne River.
; These falls are due to this formation, the water falling over a ledge of it about
20 feet high. Widespread outcrops may be seen in the anticline 2 miles east of
Hot Springs, where, with a steep dip to the west, they appear ‘on the western
slope of the anticlinal ridge.

The rock is a nearly pure light-gray limestone, presenting a uniform chamctel
throughout. An extended search has failed to detect any fossils in it, but it is
of lower Cretaceous age, since it lies helow the Fuson formation. It thins out
rapidly north of Buffalo Gap and appears to be entirely dbsent in the canyon of
Fuson Creek. It is thin at Cascade Springs and disappears a short distance to
the west. '
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Fuson _formation.—This is a series of fine-grained. deposits lying between the
Dakota and the Lakota sandstones and encircling the Black Hills. Tts thickness
averages about 50 feet, but varies considerably and is greatest in the northern hills.
Tts material consists of a mixture of clay and fine sand, usually massively bedded.
Some beds of coarser sandstone are locally included, and other pertions are nearly
pure shale. The predominant color is white or gray, but buff, purple, and maroon
tints are often conspicuous. ) ’

As the formation is relatively .soft compared with adjoining sandstones, it
usually gives rise to a depression hetween a low crest of Dakota sandstone on the
one hand and the higher summits of the Lakota sandstone on the other. One of

" the most extensive exposures is at the falls of Cheyenne River, where the section

is as-follows:

Section at falls of Cheyem;e River, South Dakota. )
Dakota sandstone. : Feet.
Dark sandy SR -« o s
Soft, gray, slabby sandstone; plants ....__._..._.._... e !
Compact white mudstone. .. ... .. i eieeeeciaaaan

Dark-green clay ...,

[

Dark-gray compact mudstone

j Sv]

Very compact white mudstone

Gray mudstone . . ...l e ceeeaaanans

Harder white mudstone
Purplish shale

‘White fine-grained sandstone 5 to

=

Purple shale . e 6 to

uimwn—l:oco”soonp—lmc:.u.
. fiond

Light-buff massive sandstone

to

[ &)
a5t

Dark-buff coarser sandstone, much honeycombed by weathering . _.._...._.
Minnewaste limestone. : : s

()utcrop:% of the formation are considerably obscured by talus along the canyon
of Fall River, but there are extensive exposures in the vicinity, notably in the

canyon on the steep side of the anticline 2 miles due east of Hot Springs, where-.
much of the material is bright purple and strongly resembles a shale that has |

been subjected to alteration by igneous matter. Fuson Canyon affords some
striking exposures of a portion of the formation in cliffs capped by Dakota
sandstone. The uppermost bed is a moderately hard sandstone underlain in
sequence by 10 feet of purplish-gray shales, 10 feet of white mudstone, and 20

feet of bright-purple shale. On Dry Creek the formation s represented by 50-

feet of white massive shale. On Squaw Creek the Lakota sandstone is overlain
by-about 50 feet of buff and purple shale, grading upward to the Dakota sand-
stone through several feet-of shale and thin sandstone. Northwest of Hermosa
shales of bright color prevail, much of the material being purple. Near Rapid it

“»
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is 100 feet thick, and near Sturgis 65 feet. On the southern and western sides
of the hills the formation is oftefg mixed with considerable sand and sandstone,
and north of Elk Mountain for some distance it becomes thinner and sometimes so
sandy that it is difficult to distinguish it from the Dakofa sandstone. In the
northern hills its thickness varies from 60 to over 100 feet, but it is often covered
by talus from the sandstone cliffs ‘abbve. In the Hay Creek region it has yielded
large numbers of fossil plants of lower Cretaceous age, described by L. F. Ward«
as occurring in the upper part of *Division No. 2.” )

- Dakota sandstone.—This formation is the uppermost member of the series
. formerly designated “ Dakota sandstone” in the Black Hills region. Being rarely
* over 100 feet thick, it constitutes only a small part of the mass of “the hogback
range, but is, nevertheless, conspicuous, because the foothills to which it usually
gives rise ascend steeply out of the adjoining valley or level plain underlain by’ the -
Graneros shales. It generally comsists of a brown sandstone, hard.and massive
below, but thinner bedded above. It appears to extend continuously around the
Black Hills. The fossil plants which have been obtained from it are impressions
of dmot; ledonous leaves oceurring in the upper portion of the formation.

" Some aspects of the Dakota sandstone are shown in Pls. XX and XXI, in
which the more massive variety of the rock is shown in the chﬁs at the top.

Benton group.—The Graneros.shale, which is the lowest member of the Benton
group, extends entirely around the Black Hills uplift, with a course marked by
lowlarids and valleys. It is believed to be the precise equivalent of the Graneros
shale of southeast Colorado, for it lies between the Dakota sandstone and the very
characteristic Greenhorn limestone which in both regions is filled with impressions
of Inoceramus labiatus. .

In some areas the formation containg, toward its base, a thin layer of hard sand-
stone, which often rises in a ridge of considerable prominence. It occurs locally,
but apparently always at the same horizon, a short distance béneath a typical series
of hard shales and thin-bedded sandstones, which weathers to a light-gray color and
contains large numbers of fish scales. The sandstone member is a noticeable feature
in the vicinity of Newcastle, where it contains petroleum and has been explored

“as an oil sand.” It there attains a thickness of 30 feet and lies 205 feet above the

Dakota sandstone. To the north, in the vicinity of Pedro, it thins to less than a
foot, and to the south near Clifton, it disappears. In the Newcastle region it is
overlain by 800 feet of black shales, constituting the remainder of the formation,
which here, consequently, has a total thickness of 1,085 feet.

The Graneros formation thins toward Edgemont and thence for many miles to

.the northeast its thickness is about 900 feet, so far as could be ascertained from

aNineteenth Ann. Rept. U. 8. Geol. Survey, pt. 2, 1899, pp. 521-946
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‘numerous cross-section measurements, with rather uncertain dip determinations.
West of Hermosa a sandstone again comes in ab§ut 200 feet above the base of the
formation and attains a thickness of 15 feet; it is traceable for 4 to 5 miles, and
then thins out agdain. At a point 2 miles north of Hermosa it contains abundant
1mple<510ns of tossil leaves. This sandstone again appears on the Belle Fourche
north of Aladdin and on the Little Missouri west of the Devils Tower.

One of the most prominent features in the plains immediately adjoining the
Black Hills is a low but distinct escarpment due to a hard limestone bed in the
middle of the Benton group. It usually lies from 1 to 4 miles distant from the hog-
back ridge of the Dakota sandstone and plebents its face toward the hills. It is
thin, but persistent, and is characterized by lalge numbers of impressions of Jnocera-
mas labiatus, a fossil of infrequent occurrence in the adjoining formations. It is
‘believed to represent the Greenhorn limestone of Arkansas Valley.

The Greenhorn limestone contains a considerable amount of clay and fine sand.
It appears to gain hardness .on weathering, breaking into hard, thin, pale-butt
slabs covered with impressions of the distinctive fossil. " (See Pl XXIV.) Its
thickness av erages about 50 feet. At its base it is usually dlstmctly sepatated fr "om
the dark shales of the Giraneros formation, as shown in Pl XXII, and in its uppe1
. portion appears to grade into shales of the Carlile formation through 6 or 8 feet .
of passage beds. '

The most extensive exposures of the Greenhorn limestone are in the promi-
nent escarpments -west and northwest of Kdgemont, which rise high above the
slopes extending along either side of Cheyenne River, as shown in PlL. XXIII, 2.
Owing to the low dip in this vicinity the limestone is spread out in plateaus
_extending back for some distance from the edge of the escarpment. In Weston
County," Wyo., where the dip soon increases in amount, the escarpment ceases,
giving place to a small but very persistent ridge of nearly vertical beds, which
continues for many miles to the north. (See Pl. XXIII, 4.) In the ridge south
of Newecastle there is a local diminution of dip in which the outcrop widens
- into a narrow sloping plateau for a few miles. In the region about Fairburn
the formation is traversed by a syncline which spreads it out into a hifurcated
ridge south of the town. On the ad]omlng divides, notably in those between
French Creek and Battle Creek, and hetween Battle Creek and Spring Creek,
the formation is buried beneath the overlapping White River deposits. It is
well exposed in the banks of Battle Creek, 14 miles below Hermosa, where, in its -
only slightly weathered condition in the fresh stream cut, it is seen to be a hard,
calcareous, light-gray .shale filled with Ziocerami. In the northern ‘Black Hills
it is a lesy conspicuous feature, but is distinctly traceable throughout.
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SCOTTS BLUFF FROM THE NORTH SIDE OF NORTH PLATTE RIVER.

View showing terrace at foot of bluffs, into which the badlands are cut, and the broad river bottom; Dome Rock on tne left. Arikaree and Gering formations on Brule clay. A typical butte
of Tertiary formations.
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The-Carlile formation, which is the uppermost member of the Benton group, is

a series of shales, with thin sandstone and impure limestone layers, lying between

the Greenhorn limestone and the Niobrara chalk. Tt is similar in character and
relations to the deposits occupying ‘ghe- same position in southeastern Colorado.
The formation consists mainly of shales, with two thin, hard beds of sandstone,
the upper one calcareous; at the top the shales contain numerous oval concretions,

" always yielding occasional Prionotropis prionocyclas. The thickness varies from 500

to slightly over 700 feet, the larger amount being in the region about Newcastle.
Some typical sections are as follows: )

, Section of Carlile formation near Buffalo Gap, S. Dak.
. : Feet

Niobrara chalk. .
Shales, with large buff concretions ............ .l oo ] e 150
Hard slabbysandstone.,.......,,.....,,........,...,.,,.L .................. 2
Gray shale ... .. el e 130 ’
Thin, coarse sandstone ......._ . . ... ... e 4

- Gray shale - ... .l 75
Concretions in gray shale. ... .. L i 2
Gray shale ... ...l 10
Caleareous beds with Ostrea, ete. .. ... ... ... .. ... R 4
Shale and talus ......... ... . . ... [ 180
Greenhorn limestone. ‘ -

Section of Carlile formation, 1% miles southeast of the falls of Cheyenne River, South Dakota.

i ’ Feet.
Niobrara chalk.
Gray shale, withlarge buff coneretions.. .. .. ... .. ... ..o .. .. .. .. 50
Grayshale. ... ..oeo i ceeteeaaaea e 70
Light-gray sandstone..... ... .. .. ... .. e et eeiaaaaaaoan 4
Dark-gray shale, with thin.sandy layers. 1. ... ... ... . ... ... ... ... ... 160
SANASEONE . o e 2
Grayshales.._ . ... ... .. ... ...l R 11
Greenhorn limestone,

Section of Carlile formation, 3 miles west of Newcastle, Wyo.
) g ' Feet.

Niobrara chalk.
Dark shales, with light-colored concretions ...... ... . .. iiiiiiii... 130
Darkshales.....cccoeemiioa ool e 200
Calcareous eoneretions - ... ... .ot 3
Sandy shales, with thin sandstones .. ... ... ... ..o 170
Brownsandstone. - ..o el 4
Darkshales. .. .o ini i et F T T P 200

Greenhorn limestone.
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Section of Carlile formation north of Pedro, S. Dak. :
: Feet, -

Niobrara chalk.
Drab shales, with numnerous concretlonq near top ...... . [ 550
~ Thin-bedded sandstone ................. LT e S 5
Shale .o e e 30
. Sa;nd'qtone drab below, reddish above...... e e e e e 30
© Dark shale. ..oooooooe el S ... B0
. Thin-bedded light-brown sandstone_..._. el i 35
Gray shales ... . .o ceieone i e S e S --. 90

Greenhorn limestone.

‘The thickening of the sandstones in thls last section is due mainly to. inter-
calations of sandy shales. ,

Niobrara formation.—The calcareous deposm ‘of the Nlobrara formation com-
pletely encircle the Black Hills, presenting distinctive features throughout,  but
to a less degree to the north and northeast than to the . south. The material is
a’ soft shaly limestone or impure chalk containing greatel or less admixture of
clay and fine sand. In unweatbered exposures it is usually haht gray, while its
weathered outcrops have a bright-yellow color which usually renders them con-
spicuous, although, owing to the softness of the materials, they rarely give rise to
noticeable ridges. The thickness of the formation is about 225 feet in the cen-
tral and southern Black Hills'and about 100 feet on the northern slopes. “Thin
layers of hard limestone are often included, consisting of an aggregation of shells
of Ostrea congesta, a fossil distinctive of the formation when it occurs in this -
manner (see Pl. XXIV). :

LPierre shale.—Many thousand square miles of the countly ad]ommg the Black
Hills are occupied by Pierre shale. It is a thick mass .of dark-colored shale,
weathering light brown, and is relatively uniform in composition throughout. It
gives rise to a dreary monotony of low rounded® hills, sparsely covered with
grass and not very useful for agriculture. The thickness of the formation is-
about 1,200 feet, so far as can be ascertained, but it is only rarely that it can be -
measured. - Where it dips gently away from the hills it is almost impossible to
measure the rate of the dip of the shale. Fortunately it has been found that the
foimation includes, at a horizon about 1,000. feet above its base, scattered lenses
of limestone usually containing numerous shells of Zucina oocidentalis. The greater
number of these lenses occur at the definite horizon just mentioned, and, in some
‘ places where they occupy the surface over a wide area, they throw light on the
attitude of the formation. It is from evidence of this sort that we have made '
some of the determinations of structure which afford an important part of the

data for ascertaining the depth of the Dakota sandstone in the region qa]ommg
the Black Hills. '
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The limestone concretions with Zucina vary in,size from 2 or 3 cubic feet to
masses 20. feet in diameter and 6 or § feet thick, hamlly of irregular lens shape.
Owing to their hardness these lenses, when uncovered by evosion, give rise to
low conical buttes resembling in form very squat tepees, and accordingly have
been designated ** tépee buttes,” a term used for similar occurrences in the Pierre
shale of southeastern Colorado. They occur in large numbers in the, vicinity of
Oeclrichs and west and éputliwest of Newecastle, varying in height from 10 to 150
feet above the surrounding slopes. Horizontally the lenses occur at irregular inter-
vals, so that the buttes are scattered very erratically and are sometimes sepa-
rated by many miles. Their occurrence in some of the steeply tilted s’gctioris
in Converse and Weston counties, particularly near Oldwoman Creek, has afforded
opportunity for determining the distance of the horizon above the base of the
Pierre shales. )

" Numerous concretions occur in the Pierre shales at various horizons and
ubually contain lalge numbers of very distinctive fossils, of which the more
abundant are the following: Baculites compressus, Inoceramus sagensis, Nawtilus
dekayi, Placenticeras placenta, Heteroceras nebmscenszs and an occasional ZLucina
occidentalis. The most fossiliferous horizon is in the upper part of the forma-
tion. The concretions are generally of small size, of_é calcareous natﬁre, and
break into small pyramidal fragments, which are scattered more or less thickly
all over the Pierre surfaces. -

At the base of the formation overlying the Niobrara chalk there is always a

very distinctive series of black, splintery, fissile shales, containing three beds of
concretions. These shales have been included in the Pierre, although they have
not yet been found to contain distinctive fossils. They are about 150 feet thick in
the southern Black Hills, where they give rise to a steep slope, often rising con-
" spicuously above the lowlands eroded in the Niobrara chalk. The concretions ex-
hibit a curious sequence. The lower ones are biscuit-shaped, hard, and siliceous;
those in the layers next above are similar in shape and composition, but arve
traversed in every direction by deep cracks filled with calcite and sometimes scat-
tered. mystals of barite; and those in the uppermost layers are large, lens-shaped,
highly calcareous, and of a light- stmw color, consisting mainly of well-developed

" "cone-In-cone.

I Hills and Laramie formations.—These formations occupy a vast area of

the plains adjoining the Black Hills in all directions, except to the east and southeast. .

They approach nearest to the hills in the eastern portion of Weston and Converse
counties; Wyo., where threy occupy several hundred square miles of the central
Great Plains area. It is from the Laramie formation in this district that Hatcher

and Marsh obtained the large collection of remains of Ceratopsidz in deposits which
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have been designatednlocaHy « the Ceratops beds. These Céra’cops beds extend
northward from Buck and Lance creeks into Woston County. They have been
described by Hatcher,” and by Stanton and Knowlton,® who have shown from
taunal, floral, and stratigraphic evidence that they are of Ilaramie age. . The
underlying Fox Hills formation is_fully characterized by its distinctive marine
fauna, and the overlying beds are found by Knowlton to contain a typical Fort
Union flora. The precise boundary between the Ceratops beds, or Laramie forma-
tion, and the Fox Hills has not yet been ascertained, but it is usually placed at the
top of the deposits which have yielded a marine fauna. The base of the Laramie
formation, thus defined, consists of a series of sandstones and shales of no great
thickness, in which no fossils have been discovered, but which appear more closely
allied to the well-defined Ceratops beds above than to the Fox Hills below.

The Fox Hills formation in Converse and Weston counmes, Wyo., presents
-an alternation of slabby sandstones and sandy shalea, apparentl) in conformable
succession to the Pierre shale. The- sandstones give rise to an escarpment which
faces eastwald ovellookmﬂ the lower lands of the Pierre, Nloblala and Benton
formations. Tt is about 15 miles distant from the foothills of the Black Hills, at
Newecastle and throughout Weston County, but lies much farther west in Converse
County, as the Hogbéek Range bears to the southeast. 'The escarpment has a height
- of from 150 to 200 feet in greater part, comprising lower slopes of Pierre shale, a
gray-sandstone or sandy-shale series in the middle slopes, and a capping of three
thin but hard beds of slabby sandstone intercalated in sandy shales.” The sandstones
or sandy shales next above the Pierre shale usually contain large faintly defined
concretions, due to local increase of lithification, and they carry abundant fossils,
mainly Veniella. Their thickness is from. 250 to 500 feet. _

Next above the sandstones of the Fox Hills escarpment and ridge are slopes of
sandy shales, surmounted by high hills composed of -the succession of sandstones -
and shales constituting the Ceratops beds. These deposits alternate through a series
several thousand feet thick, with the component beds varying- greatly.in thickness
and extent. No stratigraphic order of beds has yet been detected and none of the
strata is continuous for any great distance. ~Sandstones predominate, consisting
mainly of fine-grained, loosely cemented beds of light-buff color, often Having a
thickness of 40 feet. They contain very characteristic concretions of gray color and
of great variety of shapes. The material is simply the sand of the soft sandstone,
locally lithified to increased hardness and slightly darkened. The sizes vary from a

v

few inches to many feet. The forms are usually elongated, with rounded outlines, -

aMarsh, O. C,, The skull of the gigantic Ceratopsidee: Am. Jour. Sei., 34 ser., vol. 38, 1889, pp. 501606, P1. XII.

bHatcher, J. B., The Ceratops beds of Converse County, Wyo.: Am, Jour. Sci,, 3d ser., vol. 45, 1893, pp. 135-144.
Some localities for Laramie mammals and horned dinosaurs. Am. Naturalist, vol. 30, 1836, pp. 112-120, and map. N

cStanfon, T. W., and Knowlton, ¥. H,, Stratigraphy and p&leontologv of the Laramie and related formations in
Wyoming: Bull. Genl Soc America, vol. & 1897, pp. 127-156. ‘
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but spherical and lens-shaped concretions abound. (See Pl. XVIII, B.) Shales
oceur interhedded among the sandstones of the Laramie formation and are often 30
to 50 feet thick. They are usually of dark-gray volor and in places lignitic. Coal
was not observed in this formation near the Black Hills, but is found extensively to
the north and west. -

' TERTIARY DEPOSITS.

The earliest deposits of Tertiary age—those of the Eocene epoch—are not found
in the region adjoining the Black Hills, and there are many reasons for believing that
the principal epoch of the uplift in the Black Hills region was in early Tertiary time.
Early Eocene deposits may have been laid down and removed by erosion in conse-
quence of uplift in later Eocene time, but it is much more probable that the entire
area was subjected to vigorous erosion throughout the portion of Eog‘ene time prior-
to the Oligocene. During the Oligocene epoch there was widespread deposition in
the Central Plains region, and adjoining the Black Hills there was laid down a thick
mantle of the sands and clays, which will be described below. The Arikaree® forma:
tion, of Miocene age, which caps Pine Ridge, has not heen found on the Black Hills,
and nothing is known as to its former extension in that direction. According to
Prot. J. E. Todd, a representative of the formation occurs north of the hills in the
high buttes beyond Belle Fourche River, in the northwest corner of South Dakota.

White River group.—The well-known formations of the Big Badlands lying
between Cheyenne and White rivers in western South Dakota and underlying Pine
Ridge, have been found to extend to the Black Hills and high up on their flanks in a
portion of the region. About Fairburn and Hermosa wide areas of the highlands
are occupied by the Chadron and Brule formations, which often give rise to minia-
ture badlands of considerable extent. The deposits comprise both fine-grained and

coarse-grained materials, the latter marking the course of the more vigorous streams -

ot the period. There are large areas of fuller’s earth, sand, limestone, calcareous
" grit, and channels filled with conglomerate, in some places silicified and in others
cemented by carbonate of lime. ‘

The principal areas now remaining are on the high divides between Lame Johnny

~ and Rapid creeks, but there are also extensive masses in the broad part of Red Valley
behind the Hogback Range, and there are narrow valleys filled with the deposits,
which extend several miles back over the Carboniferous and Cambrian onto the
Algonkian crystalline rocks.” Some details of their distribution are shown on the
geologic map (Pl. XXXV). To the southwest there are scattered areas at a number
of points between Edgeniont and Pringle, notably on the Minnelusa formation west
of Argyle, in Red Valley north and west of Minnekahta, and on-the Dakota sand-

« Darton, N. H., Report on Nebraska west of the one hundred and third meridian: Ninteenth Ann, Rept. U.S.Geol,
Survey, pt. 4, 1898. p. 735.
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stone not far north of Edgemont. South of Oelrichs there is a narrow basin which
has been preserved in a syncline extending toward the Big Badlands. In Converse
County, Wyo., the formation extends from the foot of Pine Ridge over a portion of
the anticline rising along the east side of Oldwoman Creek.

The deposits of the White River group exhibit considerable diversity of compo-
sition. The principal material is 4 porous crumbling clay, pale-flesh color when
dry, but light brown when damp. Some portions of it are pale green when dry
and olive when wet. It is a hydrosilicate of alumina with some admixture of
sand and clay, being in reality fuller’s earth, and differing from ordinary clay in
heing much less plastic. In the lower beds of the group it merges into sand on the
one hand and into clay on the other. Tt is often associated with or gives place to
. coarse: materials occupying channels or broad sheets. In the vicinity of Hermosa the
prmclpal matérial is conrse sandstone and conglomerate, mainly of dark-hrown color,
‘which mantles extensive plateans., On the high level ridge north of Spring Creek
there are coarse conglomerates, which extend entirely across the Hoghack Range.
About Fairburn, and to the west, there are long channels filled with conglom-
erate consisting of limestone pebbles and ‘a calcareous matrix. These extend up
several of the depressions through the Hogback Range, either displacing the fuller’s
earth deposits or being intercalated among them. The limestone pebbles appear to
have been derived from Tertiary limestones, for they do not represent any of the
Mesozoic or Paleozoic rocks of the hills. On the higher lands of Red Valley,
hetween Hermosa. and Rockerville, there is an extensive deposit of nearly pure
limestone, giving rise to a high platean of considerable extent. The total thickness
of the beds is about 30 feet at some places, the limestone being underlain by fuller’s
_ earth. A characteristic outclop is shown in P1. XXV, 4.

Limestones of various degrees of purity are abundantly intercalated in the
fuller’s earth deposits in the region west and sonthwest of Fairburn, lying in
‘depressions on_the older rocks. Their most southerly occurrence is on the ridge a
short distance northwest of the western entrance of Fuson Canyon and on the high
divide just north of Lame Johnny Creek, a short distance west of the Fremont,
Elkhorn, and Missouri Valley Railroad. These limestones usually contain fresh-
water fossils, mainly gastropods, often in great abundance.

There ave extensive exposures of coarse matenalb of White River age in the
~railroad ¢uts through this divide south of Fairburn (shown in Pl. XXV, B), where
~ the materials are mainly c1an-bedded coarse sands with a large propoxglon of
-gravel, largely derived from the crystalline rocks of the hills. The thickness of the
White River deposits on the flanks of the Black Hills varies from a thin remnant to
200 feet or more. In the divide just south of Liame Johnny Creek, in Red Valley,
at a point 10 miles southwest of ‘Fairburn, over 200 feet were measured, consisting
mainly of pale flesh-colored sandy clay and fuller's earth.
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A DEADWOOD FORMATION IN NORTHERN PART OF DEADWOOD, S. DAK.

View showing thick mass of regularly bedded sandstone in middle of formation. Looking northeast.

B. DEADWOOD SANDSTONE LYING ON ALGONKIAN SCHISTS IN DEADWOOD, S. DAK.

Shows slight channeling.
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East of the Hills the‘White River deposits are usually divisible into two forma-
- tions—the Titanotherium heds or Chadron formation below and the Oreodon beds
or Brule clay above. The Cnadron formation consists of fuller’s earth of light-gray,

drab, pale-green, or pinkish tints, traversed by channels filled with gray sandstone,

~and usnally has at its base a bed of coarse gravel composed of rocks derived from the’
Black Hills. The Brule clay consists of massively bedded sandy clay of pale-flesh
and drab colors. These formations are most extensively exhibited in the large area
of hadlands lying southeast of Cheyenne River. Some of their typical features are
‘illustrated in Pls. XLV and XLVIL - ‘ "

All of the White River beds have yielded fossil bones of various kinds which are
typical of the Oligocene epoch. The following, which wére determined by Prof.
F. A.. Lucas, were obtained in beds high up on the flanks of -the Black Hills west of
Fairburn:  Oreodon -culbertsonii, Pubrotherivim wilsoni, Stylemys nebrascensis, and
Hyracodon nebrascensis. '

The White River deposits southwest of Argyle consist mainly of fuller’s earth.
A few turtlé bones were found in them, but no extensive search was made for fossils.
North fdnd west of Minnekahta the material is a mixture of fine sand and clay. The
outlier northwest of Edgemont caps an area of Graneros shale high on the slope of
the Dakota sandstone. It consists mainly of gray. conglomeratic sandstone. In the
vicinity of Lead small areas of White River beds have been found at an altitude of
about 5,000 feet, and on the slopes of Bearlodge Mountains deposits supposed to be -
of this age occur at an altitude of more than 6,000 feet. . ’

During White River time in the Black Hills and adjoining regions there was
deposition of a considerable volume of voleanic ash. The period appears to have been
one of volcanic activity in the region west, and the ashes were borne on the winds and
dropped into the waters so as to be spread over a wide area of country adjoining the
Black Hills. There is more or less voleanic ash throughout the White River deposits
as an admixture with the clay and sand. Accumulations of the pure material are
often found at various horizons from the lower Chadron beds to the highest forma-
tion in Pine Ridge.

GEOLOGY OF A PORTION OF THE BIGHORN MOUNTAINS.

GENERAL RELATIONS. ) .Y

The Bighorn Mountains are due to a great anticline of many thousand feet
uplift. rising in south-central Montana and extending southeast and south about 125
miles into central Wyoming. It elevates a thick series of Paleozoic and Mesozoic
formations high above the plains, and, owing to the deep erosion of its crest, pre-
sents a central nucleus of pre-Cambrian granites from which the sedimentary rocks
dip at varying angles on either side. The most elevated portion of the uplift is near
latitnde 44° 30", where one of the granite summits, Clond Peak, has an altitude of

H
«
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13,165 feet, a vise of about 9,000 feet above the adjoining plains. (See Pl XXVI, 4.)
The uplift diminishes in amount to the.north and finally dies out in Montana; to-
the south it becomes lower, but continues for many miles, finally curving around to
the west dand extending into the Rattlesnake and the Owl mountains. On the flanks
‘of the uplift there is'exposed a series of Paleozoic and Mesozoic rocks, the former .
giving rise to a high monoclinal range, shown in Pl XXVIII, while a parallel
lower hogback marks the outcrop of the harder members of the Mesozoic rocks.
The general stluctule is 1llust1ated in sections'1, 2, and 3 on Pl X,

STRATIGRAPHY.

During 1901 and 1902 a detailed study was made of the stratigraphy of the
formations on a portion of the eastern side of the Bighorn uplift, and the general
features were determined as indicated in the following table: :

Table.of formations on east side of Bighorn Mountains, in Wyoming.

Age. . Formation. ' Principal c‘.mm‘n:.tcn ’ tﬁg?\g‘;‘\l\
. . d . Feet.
Laramie ... ....... Sandstonesand shales withlocal coal beds; 2,000
. ~ lenses of conglomerate near base.
. Fox Hills ......._. Soft buff sandstone............ ... .. 200
- Pierre............. Dark-gray shales...... e 2,700
’ . . job 7 %
Cretaceous «ommmmnmnno Niobrara ..... e Gra) shales ... o o ... -OQi—_
. : Benton.....:...... Dark shales, andy ghale with thin, rusty 1,150
10- ’ ‘I sandstone layers at base. :
Cloverly. ... . {Lﬂ‘% to purple clay (Fuson) «...oocen... 30
] Coarse sandstone (Lakota).........._._. 30
] Morrison .......... Masgive shales and sandstones. ......._.. 150-250
JUrASSIC < o laeecaanan, Sundance.......... /| Buff sandstones and green shales ... ... 300
’ Red sandstone and thles with gypsum .1, 200
: | (Spearfish).
s . D} s v, ¥ .
Triassic (?) or Permian...| Chugwater ........ 3 Parple to gray limestone (Minnekahta ?) 5
' _ |Red shales (Opeche ?) .. ...ooooaio... 30
Tensleep ... .: e White sandstone .. ... ... et 50-200
e Amsden...... ....| Red shalés, white limestone, sandstone - 300
'Carbomfero‘\us Tt X ' and cherty limestone. , ’
. ~ Little Horn........ Limestones of lightcolor....... .. ..._. 1, 000 -
Ordovician ............ --| Bighorn ........._. Limestone, in greater part very hard and 250
: ‘massive. ) :
Cambrian ... ... ... ... Deadwood ......... Sandstone, shale, conglomerate, and lime- 1, 000
. . B stones.
Algonkian or Archean.... ... ... ... s Granite. . ......o.ceeiieiiai i
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DEADWOOD SANDSTONE LYING ON ALGONKIAN SCHISTS, ON SQUAW CREEK, BELOW OTIS, S, DAK

Typical flat-bottomed valley of Black Hill parks; sandstone about 30 feet thick, marked by line of cliffs to right. Looking north,
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" CAMBRIAN.

Deaelwood formation.—The lowest member of the sedimentary series in the Big-
‘horn Mountains consists of middle Cambrian beds, so closely reserubling the Dead-
wood formation of the northern Black Hills that this name may be employed in both
regions. The rocks comprise sandstones, shales, limestones, and conglomerates,
averaging from 900 to 1,000 feet in thickness for the most part. At the base there
is usually at least from 10 to 30 feet of brown sandstone lying on granite and often '
cqnglomemtic near the contact. Some typical features are shown-in PL. XXVI, B.
Next above are gray and greenish-gray shales, usnally with thin sandstone or sandy

shale intercalations. Ordinarily these shales have a thickness of 250 to 300 feet. -

They are succeeded by a bed of coarse gray sandstone, averaging from 25 to 40
feet. thick, and apparently of wide extent. This sandstone is overldin by several
hundred feet of gray shales and thin-bedded sandstones, containing considerable -
‘glanconite at most localities and a few thin layers of limestone. This series merges
upward into an alternation of impure limestones and very characteristic conglomerates
of flat limestone pebbles, thenvgreen on the surface, but from gray to pale pink inside.
This limy series has a thickness of about 200 feet and is succeeded abruptly by a bed
of white sandstone about 25 feet thick, which is regarded as the top of the Dead-
wood formation. .The pre-Cambrian surface on which the Deadwood formation lies .
is in general remarkably smooth, but has in it occasional local irregularities con-
sisting of shallow channels or low cliffs. ,

The formation does not present much local variation in eharacter, the principal
changes ‘being in ‘the basal sandstones, which, in some portions of the area, attain
a thickness of 300 feét. , _ '

Fossils from the upper limestone series have been found to be Dicellomus politus
(of middle Cambrian age), which also occurs in great abundance in the thin lime-
stone layers in the underlying shales and at intervals to the base of the formation,
the small, white shells being conspicuous in the gray and buff sandstone. In the
lower -sandstones Ptyc/zopaﬁa oweni oceurs often in great ahundance.

ORDOVICIAN.

- Bighorn. Timestone.—This limestone is one of the most prominent members of
the sedimentary series in the Bighorn Mountains, rising in high. cliffs along the inner |
face of the limestone front range, as shown in Pls. XXVI and XXVIIL Its prin-
cipal member is a hard, massive, impure limestone of light-gray or light-buff color,

" with reticulating masses of silica, which give the weathered rock a very coarse,
irregularly pitted, or honeycombed surface. The thickness ranges from 200 to 300
feet for the most part, and the bedding planes are mostly from 10 to 20 feet apart.

" The very few fossils it has yielded are of Ordovician age and are regarded by E: O.
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Ulrich as lower Galena-Trenton in equivalency. In its upper portion the rock
hecomes less massive, and the top member of the formation includes some thin-
bedded, impure limestones which, at one locality northwest of Buffalo, contain large
numbers of fossils representing the Richmond fatina of the upper Ordovician. This
uppér series is not well exposed, and apparently it is not continuous.

In some localities the massive member of the Bighorn limestone is succeeded by
fine-grained, light-colored limestones containing numerous corals, among which were
recognized Halysites catenulate and other forms. This overlying series is included
in the Bighorn limestone because of its Ordovician age. . . .

CARBONIFEROUS,

Little Horn limestone.—This limestone comprises about 1,000 feet of beds, and
constitutes the greater part of the high front range of the Bighorn Mountains. Its
" thickness ‘diminishes greatly to the southwest. The rocks are mainly of light

color and are massively bedded. At the top there is a series of pure limestones
100 feet or more, in thickness, but of soft texture, which weathers in typical cas-
‘tellated forms, one of which is shown in Pl XXVII. Many of the lower
beds contain much sand admixture and arve usually darker. Fossils of typical
lower Carboniferous forms occur at several horizons. The thickness of the forma-
tion diminishes to about 250 feet in the. southeast portion of the uplift. The
Little Horn limestone’ is equivalent in the main to the Madison limestone of
. Montana and the Pahasapa limestone of the Black Hills; but as the stratigraphic
limits of the formation aré somewhat indefinite, a local name is applied, derived
from the canyon of Little Horn River, where there are extensive. exposures. °
- Although there is no marked evidence of unconformity at the base of the Little
Horn limestone, and the lowest beds are not fossiliferous, it is probable that the
Silurian and the Devonian are absent, ‘
Amsden formation.—The uppermost limestone member of the Bighorn front
range-has been separated as the Amsden formation, named from a branch of Tongue
- River west of Dayton. It consists of a somewhat variable succession of red shales,
limestones, cherty limestones, and sandy members outcropping along the higher outer
slopes of the range. Its thickness is about 150 feet near the Montana line, hut
increases gradually to the south and amounts to 350 feet west of Sheridan and Buftalo.
Throughout its course the basal member is a red sandy shale or fine-grained red
sandstone from 50 to 100 feet thick. the amount gradunally increasing to the south.
_lying on the .massive bluish-gray limestone of ‘the Little Horn formation with no
_ apparent unconformity. Next above is a somewhat variable series including very
- compact, pure, white limestones, several thin beds of gray sandstone, occasional thin

/
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WESTERN SLOPE OF BLACK HILLS ON EAST SIDE OF STOCKADE BEAVER VALLEY, SOUTHEAST OF NEWCASTLE, WYO.

Steep-dipping beds from Minnelusa to Minnekahta limestone, the latter spreading out in a characteristic plateau at the foot of the slope. Looking southeast.
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_bodies of red shale, and, in the greater part of the region, several thick beds of very
cherty limestone which contain fossils. Only a very few fragmentary specimer'ls
have been found in the lower beds, so that the age of these is uncertain.

Zensleep sundstone.—The outer slope of the Front Range is flanked to a varying
height with a sheet of sandstone which .is continuous throughout. It is a* massive,
white sandstone, locally of buff color, with an average thickness of about 200 feet
west and southwest of Buffalo, but thinning gradnally to the north to ahout 50 feet
near the Montana line. Some limy and cherty layers occur in its middle and upper
parts. ~ Its white ledges are conspicuous features on the mountain slopes rising
abruptly out of the red shale valley (see Pl. XXVIII). The sandstone is mostly
massive, there is much cross bedding, and the material is fine grained and moderately

. hard at most points. - Fossils found in chert nodules in the medial beds of the forma-

tion are of Pennsylvanian age. Its name is derived from extensive typical exposures

in the walls of the lower canyon of Tensleep Creek.

TRIASSIC (?) OR PERMIAN,

Chugwater formation.—There extends along the foot of the Bighorn Range a
thick series of red beds apparently equivalent to the Red Beds of the Black Hills,
hut not so plainly divisible into three members,. ' .

The Minnekahta limestone, which is the lowest of the trio in the Black-Hills,
appears to have an attenuated representative in the Bighorn uplift, but as its identity
can not be proved it has been thought best not to attempt to subdivide, but to com- |
prise all under the one designation of the Chugwater formation, a name derived
from Chugwater Creek, on which the formation is extensively exhibited in the
vicinity of Iron Mountain,

The formation avemges 1,250 feet in thickness, and consists mamh of bright-
red sandstones and sandy shales containing deposits of gypsum with thin beds of
limestone near the top and the bottom. The lowest limestone, which oceurs about
920 feet ahove the Tensleep sandstone and has an average thickness of less than 5 feet,
consists of thinly laminated, pinkish, dolomitic limestone strongly suggestive in
appearance and relations of the Minnekahta limestone of the Black Hills; it has
yielded no fossils. About 80 feet higher in the formation there occurs another bed
ot limestone averaging about 3 feet in thickness, of impure character and honey-
combed structure, which is a prominent member along the east side of the Bighorn
basin. A series of several thin beds, having in all a “thickness of from 120 to 250
teet, appears near the top of the formation intercalated among red sandy shales.’
Their individual thicknesses vary from 2 to 10 feet. They contain fossils at a num-
ber of localities, but unfortunately the forms are so lacking in characteristics that

10001—No. 3205 ’
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it has not been possible to ascertain whether they are of the latest Paleozoic or the
earliest Mesozoic . age. One prominent exposure standing vertical is shown in
Pl. XXIX, B. As in other regions, the gypsum occurs mainly in the lower 200
feet of the formation. . , ‘ -

‘ JURASSIC.

Scmdcmceforma't?fon.—Typipal marine Jurassic deposits, with abundant fauna,
are well represented in the Bighorn Mountain section. Owing to the steep dip
of the beds along the foot of the Front Range the outcrop zone is narrow, hut it
continues throughout, exéept at a few points where the beds ate cut out by faults.
The beds present the usual succession of a sandy series helow and a considerahle
thickness of greenish fossiliferous shales above. The . thickness averages about
300 feet, with local variations of small amounts. At or near the base there is
usually a hard fossiliferous limestone having a thickness of from 3 to 5 feet,
increasing locally to 25 feet. Next above are soft sandy beds often ,qontaiﬁing
large numbers of Gryphza calceola, var. nebrascencis. The greenish shales next
above contain thin layers of highly fossiliferous limestone and a iew thin sandy
layers containing many Belemmtes densus. -

-

CRETACEOUS.

Morrison forination.—This formation outcrops along a narrow zone in the,
foothills at the base of the mountains. It consists mainly of shales or hard clay
- of a pale-greenish or maroon (,0101 with a darker clay at its summit, all having
" a peculiar chalky appearance and massive .or joint-clay structure. It includes
several beds of light-gray or buff sandstone, varying in thickness from 2 to 20
feet, usually soft, with thin, irregular bedding planes, which genelall) haw{e a
_ peculiar wavy sul'faéewsuggestive of incipient cross bedding. The thickness is
about 150 feet to the north and 250 feet to the south. Remains of dinosaurs
are abundant, but no- other fossils were observed.

- Cloverly formation.—Overlying the Morrison shales there is a thin bed ot sand-
stone which, from its stratigraphic relations and character, is believed to represent
the Lakota of the Black Hills, overlain by and merging into clays resembling the
" Fuson -formation. meg, however, to the lack of any definite evidence as to the
equlvalency of these: beds, and espemally in consideration of the apparent absence of
deposits representing the Dakota sandstone above the clay, it has been thought hest
to give this series a separate designation, and the word ‘‘Cloverly” is proposed,
a name derived from the post-office on the eastern side of the Bighorn basin.

The sandstone member of the Cloverly formation usually gives rise to a line of
knobs or low 11dges on the divides dlong the eastern ilope of the Bighorn uplift, one
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A. TYPICAL CANYON WALLS OF MINNEKAHTA LIMESTONE LYING ON SLOPE OF OPECHE RED BEDS, GILLETTE
CANYON, SOUTHEAST OF NEWCASTLE. WYO.

View showing massive appearance of this thin bedded rock.

B. MINNEKAHTA LIMESTONE AND OVERLYING RED BEDS, ETC, SIOUX PASS, BLACK HILLS, SOUTH DAKOTA.

Hogback of Dakota-Lakota sandstone in distance.
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of which is shown in PL. XXIX; 4. Ordinarily it is a coarse-grained, buff or dirty-
gray, cross-hedded, .massive sandstone, averaging 30 feet-in thickness, but varying
from 10 to 60 feet. The overlying clay is ravely exposed, but in a few outcrops is
seen to-be a reddish to ash-colored clay, locally of darker gray color and with a
thickness of from 30 to 40 feet. Near the base of the sandstones there occur some
very thin deposits of coal, or coaly shale, which sometimes contain remains of
numerouns flattened pine needles, as do the coal deposits of the lower portion of the
_ Lakota of the Black Hills. ‘

Benton formation.—The lower portion of the great mass of shales underlying
+he plains along the foot of the Bighorn Mountains, with an average thickness
of about 1,300 feet, belongs in the Benton formation. " The subdivisions recognized
in ‘the Black Hills and in Colorado are not apparent in the Bighorn region, mainly
owing to -the absence of the Greenhorn limestone, but the hard shales which
weather to a light-gray color are present nearly a thousand feet above the base of
the formation, which indicates a great expansion of the lower third of the Graneros
shales. . ' ' .

The basal member of the Benton consists of dark-gréy shales, in part sandy
and of rusty-brown color, with occasional thin beds of brown sandstone, which
locally expand into beds of moderate thickness. It is possible that this portion
of the fornation represents the Dakota sandstone of other regions, but there is
no direct evidence, and even if the few indistinct plant remains which it contains
should prove to belong to the Dakota flora, that would be no more than we should
expect in any shallow-water deposits at the beginning of Benton times. A zone
of shales carrying globular concretions averaging for the most part from three-
fourths of an inch to 2 inches in diameter, with radiated crystalline structure and
dark-gray color, oceurs in the upper part of this lower series all along' both sides
of the Bighorn uplift. It consists mostly of phosphate of lime, and appears to
have the structure of marcasite and to be a replacement of that mineral.

Next above this lower member there are several hundred: feet of dark shales,
‘mostly fissile, which contain thin beds of’sandstone and iron and lime concretions
of typical lower Graneros character. .

c

These are overlain by a very characteristic series, about 150 feet thick, of hard,
lighter gray shales and thin-hedded sandstones, which weather very lig'ht colored
and form bare ridges of considerable prominence, notably Columbus Peak, southwest
of Parkman. Most of its beds contain large numbers of fish scales and occasionally
fish teeth and bones. By some observers this member was supposed to be Niobrara,
but it lies below beds containing distinctive Benton fossils, and in other portions
of eastern Wyoming is exposed with relations that indicate that its position is
below the middle of the Graneros division of the Benton formation, or several
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hundred feet below the Greenhorn limestone horizon. This series will be designated
the Mowrie beds. from Mowrie Creek, northwest of Buffalo. -

The top member of the Benton formation in this region comprises 200 feet or
more of dark shales, with occasional fossiliferous layers containing Benton“forms,
having at their top a series from 20 to 30 feet thick containing lens-shaped.
lime concretions, 2 to 4 feet in diameter for the most part, of huff color when
weathered, and cairving occasional remains of Prionotropis woeolgari and Priono-
cyclas wyomin gensis, species characteristic of the upper part of the Benton (Carlile)
beds. about the Black Hills and elsewhere.

Niobrara shale.—This series of limy deposits, which is so conspicuous along
the Rocky Mountain front and in the vicinity of the Black Hills, is not clearly
defined in the vicinity of the Bighorn Mountains. It appears to be represented by
about 200 feet of light-gray shales lying between the Prionotropis shales above
referred to and the fossiliferous beds of the Pierre shales. A few of the
characteristic Ostier congesta were found at thisthorizon far south in the range, but
none were observed in the district northward. _

Pierre shale.—The Pierre shale outerops along the eastern base of the Bighorn
Range, presenting its usual features of dark-gray shales or clays containing oeca-
sional concretions filled with characteristic fossils. In the northern part of the
region occur a few thin beds of sandstone, which develop to the south. The
thickness of the formation varies from 2,000 to 3,000 feet, but it is possible that
this apparent unusual thickness is due partly to crumpling of the beds in the
steeper slopes of the uplift. The usual assemblage of Pierre fossils occurs in the
formation, but not in as great abundance as in other regions. _

Fow Hills sandstone.—The Pierre shales give place rapidly to the Fox Hills
sandstones, which have a thickness of 200 feet or more and consist mainly of fine-
grained light-buff rock, with numerous marine fossils. The bedding is massive in
greater part, and the lithification of the sandstone is irregular, some portions being
‘hard and others so soft that they can be dug with a shovel. Hard cohcretions occur,
mainly in elongated rounded forms of dark-gray color. These concretions are

“similar to those which sometimes occur in the soft sandstones of the lower part of

the Laramie formation, especially in the region west of the Black Hills. The
following fossils, obtained from the Fox Hills sandstone near the Bighorn Moun-
tains, were determined. by Mr. T. W. Stanton:

Cardium speciosum, M. & H.; Aviewla lingniformis, Bv. & Sh.; A. nebrascensss,
Ev. & Sh,; Ostrea glabra, M. & H.; Liopestha (Cymella) nndata, M. & H.; Lepto-
solen, n. sp.; Cylichna (%), sp.; Baculites, sp.; Modiola, sp.: Prima lakesi (1),
White; Zedw, n. sp. (9); Thracie subgracdlis, Whittield; 7. subtortuosa, M. & H.;
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Izmatw suberassa, M. & H.; Sphaerilla (1) cordata, M. & H.; Tellina oqmlatemlza
M. & H. .

Laramie formation.—The wide expanse of plains lying between the foothills of ™~
the Bighorn Mountains and the Black. Hills is occupied by the Laramie and
overlying formations, as shown in sections 1, 2, and 3, Pl. X. The formation lies
in a hroad, flat-bottomed basin, with steep dips on the west side on the slope of
the Bighorn uplift. The thickness of beds lying in this basin is not definitely
ascertained, but appears to be several thousand feet. The lower members are
~undoubtedly Laramie. but the upper ones probablv extend to the “Fort Union”
formation. . y .

The Laramie rocks are sandstones, sandy shales, and shales, with nqmerous thin
" beds of lignite. At the base there is usually a very characteristic member consisting
of alternating shales and thin-bedded rusty sandstone. This, in the northern
portion of the region, is succeeded by a conglomerate containing pebbles of lime-
stones and of the characteristic flat-pebble conglomerate of the Deadwood formation
derived from the mountains westward, indicating ‘that there was an uplift in
the region in earlj Latamie times. This conglomerate begins west of Sheridan-
and extends southward to Crazy Woman Creek. Pl. XXX shows an outerop in the
area of its greatest development. It is succeeded by sandstones and shales with
lignite beds at various horizons.

GEOLOGY OF THE NORTH END OF THE LARAMIE RANGE,
" GENERAL RELATIONS.

Under this heading will be described the results of some recent examinations
which I have made of Casper Mountain and of the ridges in the southeast corner of.
Converse County, Wyo., which lie at the north end of the Laramie Range. In these
ridges the Paleozoic and \Iesozom formations are exposed, lyi ing on the -granites and_

~ schists and in greater part trending east and ‘west, at right angles to the strike of
" the Laramie Front Range This district was examined hy Hayden many years ago,
but.only some of the general features were mentioned, and the 1mportant fault was
not recognized.

3

®

v 7 STRUCTURE

Casper V[ountam may be 1egarded as the northwestern extremlty of “the .
Laramie Range, although an anticline of moderate prominence extends farther west
to the Raftlesnake ridges. The mountain-is an anticline, with due east-west trend,
broken by a profound féuilti which extends paralle] to the strike along the north front
. --of the ridge. The olde1'.f013rhations south_of this fault rise in a high eScarpment
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sﬁrmounﬁng a slope extending to North Platte River, which at Casper is 6 miles
from the top of the ridge. Only the castern half of the mountain was examined,
and it was found to present the general structural features shown in the following
sketch sections: - : . ‘ . '

Y
g o
N : N
Tensleep sandstone

Pennsylvanian limestone,
ambrian sandstoné

Granite and schist

.o *
“ .
Dakota sandstone” [ . R
Mornson and Sundance”; = 3
Chugwater red beds
7?.=ns/eep sandstone

. F16. 2,—Cross sections of Caéper Mountain, looking west. The first of these sections is somewhat west of south of Casper:

the second iy nearly due south, and the third is southeast

,At the eabt end of the mountam the antlchne pitches ‘downward and. the suc-
cession of outclops curves around to the south into the syncline with beautitul
distinctness; -some features of this.are shown in Pl XX‘(II On the South side of

the syncline the Cambrian and Carboniferous heds rise again on the slopes of a~

a

- Pennsylvanian. //m estone
Cambr/an ’sana’stone

- .- Fi16.3 —Longitudinal ‘rection of Casper Mountain, ldokihg north.

\high--ridgé of .granite.and schists. in a :nt;L'tvaest -dipping monocline which extends

to the eastwald extension of the fault mentloned above, and thence along the .south
side of the fault to heyond La Prele Cleek T :
Alonor the hont of this easteln 11dove Jrom Dee1 Cleek to La Prele Cleek



U. 8. GEOLOGICAL SURVEY PROFESSIONAL PAPER NO. 32 PL. XVill

A. WEST SLOPE OF STOCKADE BEAVER VALLEY, EAST OF NEWCASTLE, WYO.

View showing Spearfish red beds below with gypsum on top; middle slopes of Sundance shales and massive sandstone; upper
slopes of Sundance and Morrison shales, with Lakota outlier on knob.

B CONCRETIONS IN LARAMIE SANDSTONE, SOUTHWEST OF NEWCASTLE, WYO.

Prominence due to erosion.
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the fault parallels the monocline and Laramie and Carboniferous beds are in
contact. To the east the monocline develops into an anticline with granites and
schists in its center, and this flexure develops into complex corrugations toward
Wagonhbund Creek. -On La Bonte Creek and in the big bend of North Platte
River there is an extensive series of Mesozoic and Paleozoic formations which soon
pass benéath White River deposits to the east. The anticlinal structure is well
exhibited on La Prele Creek, ahove thenatural bridge, in a high arch of the lime-
stone,"south of which there is a synclinal valley occupied by Chugwater red beds,

* mostly. overlain by White River deposits. -East of La Prele Creek the main

(mtlclmal ridge curves to the southeast and passes heneath’ Cbugwater and over-

lying formations in the hig bend of North Platte River, .To the south there are -
. several’ corrugations exhibiting. Chugwater and overlying formations to the Nio-

brara, endlng in a monocline in which the Carboniferous hmestonea rise on the
slopes-af the oldm 01an1tes ‘and.- 5ch1stb '

STRATIGRAPHY ' . !

. -

The - rocks e‘{hlblté‘d in the uphft at the north end of the Laramle Ranoe,‘

from Casper Mountain E‘ﬂbtWﬂId are as tol]ow~

T ablc of se(lnnentary formatwns at the north end of Laramie Range.

;Age. ’ Formation. . 5 ‘ ' Principabcﬁaracte’r. ' Thickness.
. . , . s v . . . ;
R . . : . . Tcet
Laramie . ....._._.: *.| Sandstones with coal and shales. 500 or mme
_ % |{Fox Hills_......... | Sandstones .. ..occoaii.io... Lol 2007
v Plerre.'_;J;-...::... Darkshales e 1,000 or more.
o " ||Niobrara .......... Caleareous shales : O B 11 1= )
Cretaceots.......... ...\ Benton..._... ... | Dark shales and 'sar;dstones ...... L. 800
e, Dakota- Lakota». -+..| Buff massive sandstone.and con- | 200+
) L : | glomerate, w 1th shale 1ntercala— . ,
’ S “:'_;: .- 4. tions. - e T
Do - Mo,irison oo Lights colored massne shale and 1.
B . »‘ " .| gray sandstone: ' . - :
L | Greenish, shale Cand buﬁ cand- 415, o
: . L o stones, local gypsum bed. - .
Triassic (?) orPermian’: .| Spearﬁch Y = |fRed shiales and sandstone, withig ovp- 450 T
oL e | Chug- gum and limestone, i PR .
RERU - o \Imnekahta water. | Thin- bedded llmestone_ elelieias "20 . t6-25. st
Carbonlterous Opeche.»-.- b = (Red shale LT T R PP P R 80 S
‘ Gray massne sandstone - . 60 :
“Gray masswe hmestone s leeoltool] 2004 07
-"..| Coarse, hard anassive, gray con-' .- 100" orless:: | Li
i glomeratlc sandstone : I Ly
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CAMBRIAN (?).

The sandstones underlying the Carboniferous limestones in.Casper Moun-
tain and in some of the ridges eastward are supposed to be of Cambrian age,
but no fossils were observed. It is possible that' they ‘are shore deposits of
Carboniferous age. The 1'6cks are gray and brown sandstones, conglomeritic at
the hdse, but of varying degreeb of coarseness above. They.lie on a smooth
erosion plain of granites and schists. Their thickness. averages about 100 feet,
but they thin out to the east; and in some of the slopes west and south of Douglas
disappear, the Carbonife'rops limestones lying directly on the‘ old schists.

CARI’ONIFE]{VOUS.

The summit of Casper Range and the slopes of the ridges at the north end of .
the Laramie Range consist of a series of limestones and §.1hdstone’s of Carbonifer-
ous age, The thickness varies COllsldPlably but averages ahont 250 feet in Most
portions of the area :

I‘he usual succession is a series of gray massive limestones, lymo on Cambrian
sandbtone and in somé cuases overlapping on the old’ granites and schists, capped
by an upper member of gray massive sandstone 60 feet thick, which is correlated
with the Tensleep sandstone of the Bighérn and Rocky Mountain ranges. On

‘Casper Mountain, as shown in’cross sections (fig. 2), this series dips gentl§ south-

ward from the fault scarp on the north face of the mountain, under a basin occu-
pied by a considerable thickness of Mesozoic rocks. On the south side of this basin

the limestone again appears and rises on the slopes of the ridges which. constltute

the north end of the main Latamie Range.. To the east there are exposures in
many small canyons WhICh head in the mountain, and especially in the canyons of
Boxelder and La Prele creeks. In the svnchne west of Douglas the limestones are
mostly covered . by the Chadron formation of- the White River- group, but are
conspicuous again abolit ‘the head of La Bonte Creek. They dlqappear to the
east, being concealed by the 'Jeltldly deposits which abut fwambt the old granites
and schists in the nmthwest co1ne1 of Laramie County. ) , ,

Has den< has referred to some features of this region, describing the hmestone

. on Boxelder ‘Creek as having nregulal bedding in greater part and being colored
. from llght-yellow to deep rusty, with some brick- red layers. Athyris subtilita is
: repo1ted from some cheltv beds. In the blue limestone on La Prele Creek, Hay den

found the fossils I—Iemopwmtes crussus, Productus nodosus, ﬂfg/awna pemtte?mata,
and atates “The under]vmg hmestone is vely gherty

’ o a.Fourth Ann.,Rept.. U. S. Geol, and Geog. Survey Terr.,"pt. 1, 1871, pp. 23-25..

a.
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A. LAKOTA SANDSTONE, LYING UNCONFORMABLY ON UNKPAPA SANDSTONE, IN NORTH
WALL OF SHEPS CANYON, SOUTH OF HOT SPRINGS, S. DAK.

View shows channeling at contact.

B. SUNDANCE FORMATION LYING UNCONFORMABLY ON SPEARFISH RED SHALES,
7 MILES SOUTH OF HOT SPRINGS, S, DAK.
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Tensleep sundstone.—The Tensleep sandstone is continuous throughout, consist-
ing of a massive, coarse-grained, porous sandstone, usually of light- gray color, hut
in some of the ridges west of Douglas dark-gr ay to brown, especially on weathered
surfaces. Its thickness appears to he over 50 feet. Its outcrop on the east end of
Casper Mountain is shown in Pl. XXXII, 4 and B. It is in this formation that the
natural hridge on La Prele Creek has been eroded, as shown in PI. XXXI.

TRIASSIC (7).

_ Chugmwater formation.—Throughout this r;agion the red beds, comprising the
Chugwater formation, consist of the nsual succession of Opeche red shale, Minnekahta
limestone, and Spearfish red sandy shales, with gypsum deposits, as in the Black
Hills.. The Opeche shale averages 80 feet in thickness; the Minnekahta limestone
is 20 ‘to 25 feet thick; and the Spearfish red beds are upward of 450 feet thick.
These formations are cut off by the fault south of Casper, but they appear again on
Muddy Creek-and its branches in the syncline south of Casper Mountain. There
are excellent exposures in.a gorge at the east end of Casper Mountain and south-
westward, where the beds dip steeply to the southeast. ’

" The Minnekahta limestone is mostly thin-bedded and of purplish tint, a charac-
feristic aspect which it has in the Black Hills. 1t is overlain hy about 80 feet of red
“shales, extending to a 15-foot layer of ‘cherty limestone (a feature often seen in the
Bighorn section), followed by about 850 feet of typical red shales and sandstones,
the whole capped by-a 20-foot liméstone layer which marks the top of the formation
and probably represents the alternation of -limestones and red shales at the top of
the red beds in*the Bighorn region. No gypsum ix present in this section. In a_
portion of the area, at the east end of Casper Mountain, the top limestone gives
:Ilse to a prominent wall, in which the beds stand vertical.
The red beds extend along the slopes south of Muddy Creek Valley, but are
cut off by the fault southwest of Glen Rock. Their next appearance is on Spring -
_Creek, 2 miles west 'of La Prele Creek, just below. the natural hridge, where the
fault "bends slightly _ northward and.-passes between ithe red béds and the Laramie

ﬁandstone In this section ahout 15 feet of ‘Minnekahta limestone is exposed, above

about 80 feet of Opeghe red shales, which lie on typical Tensleep white sandstone.
On' La Prele Creek, just below- the natural bridge, the fdult is"in the Spearfish red
beds. sh01t distancé south of this the Minnekahta limestone appears, 20 feet
“ thick, above ahout 80 feet of tvplcal Opeche red sandy shales (with the characteristic
"purple shales at the top, as in the Black Hills region), which is underlain by 80
feet or more of the Tenbleep white <andst0ne that crosses the creek at the natural
- bridge. A short distance east, the Whlte River beds extend to the Carboniferous

@
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limestone slopes and for ‘some distance the red beds are concealed. They appear
again south of Douglas and extend up the valleys of Wagonhound and La Bonte
creeks, where the Spearfish red beds are seen to contain considerable gypsum.

 One of the most extensive exposures’in this region is oms North Platte River in
the big hend 7 miles due south of Douglas. At this point the river cuts through an
anticline, exposing a small area 6f Minnekahta limestone and about 50 feet of Opeche
red shale. In the exposure the Minriekahta limestone is massive in general appear-
ance, but is yvery thin bedded and We‘lther'\‘ out in thin slabs: ~ Its upper portion is
mottled dark gray, but at the top thele are 5 feet of more massive limestone of light
co]or which is rather .an ‘unusual feature. The Opeche formation, 80 feet thick, is
seen again in-a gorge, ‘of \Vagonhound Cleek 9 miles south: southwest ot Douglas,
lymg on the Tensleep bandstone, heLe very dark. -

JURASSIC.

Szohdqncé "fr;rmatz’mi.f—.Typicél marine ’Juras'siC is_exposed on both sides of
~ the syneline south and.- southeast of Casper Mountain; but it is ‘cut off by the "
fault along the -northi side of . Casper Mountain and eastward for some. distance.
It appealc'agaiﬁ‘on Wagonhound Creek and North Platte River south of Douglas.

The section at the east end ot Casper Mountain presents most of the u~ml
features of the formation, which heve ‘has a thickness of about 350 feet: At the
buse, oyellymg the limestone which is supposed to represent .the top . of the
Spezuﬁsh “ted" beds, ‘there are 20 féet -or more of Wwhite to red sandstones, then a
few feet of _buﬁ .sandstones ‘and shales, with an 8-foot hed of gypsum, ‘which may
belong in the Spearfish formation. The principal rocks are dark shales, with
. limestone layers and concretions filled w1th characteristic fossils, including many
Belemnites densus. A : .

There are extensive exposures of the formation along Platte River in the big
"bénd south of Douglas and. just- west ‘on Wagonhound Creek. The Succehalon
here is''seen.to be 30 feet or more of massive gray sandstone at the bottom
overlain by pale gleemsh sandy shales 30 feet thick, succeeded by 5 feet of soft,
_greenish, massive -sandstone, 40 feet of bright-reddish sandy beda, and 15 feet of .
massive buff sandstone, and topped - by dbOllt ‘)OO teet of green shales, with a few
thin beds of.-sandstone and limestone contdining many later Jurassic fossils.

a L CRETACFOUQ a

ﬂ[mmson fonwaz‘mw ——Thls charac terI\tIC membel of tbe bedunentan benes.‘
‘outuops extenblvelg on -hoth- sides of. the synclme of the Mudd) Creek basin and
.alono- the -inner “slopes of the _Hogback- Range south. of" Doug]aa It plesents its

. usual ch‘uactel istics of a ! ]nomt clay ” or massive shale mmtly of gleemeh -gray

¢
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DAKOTA SANDSTONE. FUSON FORMATION, MINNEWASTE LIMESTONE, AND LAKOTA
FORMATION, NEAR EVANS QUARRY, SOUTH WALL OF FALL RIVER CANYON, 4
MILES BELOW HOT SPRINGS, S. DAK.

Capping rock of Dakota sandstone in typical massive beds; lower outcrops are Lakota sandstone, showing nearly entire
thickness of that formation.
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color, with some portions of maroou- tint. Some thin heds of light-colored sand
stones are.included. The thickness is about 100 feet. /.
Dakota- Lakotu formations.—The sandstone series which has usunally heen desig-
nated the Dakota is well characterized in the region at the north end of the Laramie
Range, on the southern side of Casper VIc)txntail{,. in Muddy Creek leIey, and
in the basin south of Douglas. . It is cut off . ‘by-a fault on the north side of’ Casper
‘Mountaii~ and along the ridge south of “Glenrock. At the east end of Casper
Mountain sandstones appeal in the outlying 11dge (\hovsn in Pl. XXXII, 5), from
which they extend to the southwest in a plomment ridge, nsmg like a wall for

some distance where the heds stand vertical.” At.the hase of the series there -

*is a brown conalomemte lying on the Morrison shales, 25 feet thick in places, with'
pebbles one- -half inch to 1 inch in diameter, paltly of’ ]%pel " This 1ock merges '

upwald into a coarse buff sfmd~tone which doubtless 1epresents the Lakota -

fmmaﬂon of the- Black’ ‘Hills leglon Ahove this aré dmk shales,’ indistinetly -

exposed, \\hmh include, at W hOlMOH ahnut 50 feet above the conO']omelate ca -

bright, pmphsh 1ed cldy bed “all stlongl) suwgebtlve of the- Fuson formation. - -
In the hogback (\how n in PL XXXII B) there are two sandstone beds -above
the basal conolomel atic’ member. ‘These are <epfudted hy shales, “and the upper,
probibly 1cp1e>enhmg the Dakota sandstone, is immediately. overlain by black
shales of the Benton group. Its. uppermost bed\ are thin hedded rusty colored,
and mteualated with very thin-bedded brown sandstones and shales. South of’
Douglas there are three sandstones, the basal one coarse glamed and. conglomeratic, -
H‘Oab on Muddy Créck: - Near Guthrie post-office the upper aandstone is plonunent
and is llndel]‘l,ll] by 20 feet or more-of reddish clay, strongly suggestive ot the -
Fuson formatlon The series hele forms a prominent ridge 1lsm0‘ ahove Red
mellev on the WEbt and “badlands ot Benton formation on the east Falthel east
" is an ov erlaph ot “White Ru er depo&ta .

! Benton group. ——1he Benton gronp is extensiv ely exhlblted in the walley oi

. ‘\luddy Creek southeash of. (,a\pel -and-on some hranches of ‘the La Bonte south ot‘ o

“Douglas.” The typical Mowne beds of hard shales are mcluded lying 500 feet :

_above. the Dakotm 5<lndqt0ne at: the dast end of ‘Cisper Mountam and appearing ., )

_ pr ommently on the south ﬂank of the first, anmclme south of Douglas _The under-
. lying rocks are dark ~hales w1th thln beds of Tusty. handstone t\’pl(‘ﬂ ot the lower';» ’

© ... portion- of the (.TI'dHBI‘Oa fomlatlon

. “The’ Mowue bedb GODlpI'Ibe a total. of! 50 feet of: hmd sand) ahales, wWhl(Jh.-: '
" weather to a. l]o'ht gla\ colol and Tise in’ 10W but shalp rldges bearmg scattered -
'-pmeq and’ cedaus ad in the Blghom and Black Hllls 1eg10nb Next above are
"about. 500 feet of dark shales extendmg to a ver y GODbplGuOHS sandstone laye1 *20“

feet or mme in- thlckness, paltly masswe *and paLtly thm hedded wh1ch is Verv.; -

Y

. careT e ot
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fossiliferous in Muddy Creek Valley. The following fossils obtained in -this
horizon were determined by Mr. 'I. W. Stanton: Zuocerumnus fragitis, M. & H., and
Cardiion panperenlina, Meek, ;which indicate a horizon in the upper part of the
Benton. This sandstone is overlain by several hundred feet of dark shales, with
some,_ thin layers of sandstone, and horizons of concretions, but the thickness of
~this uppel series was not accur dtel\ measured. '

Nrobm/ A FOPIALion. —Some areas of this formation are exposed in the syncline
southwest of Glenrock and 12 miles south of Douglas. on La Bonte Creek. The
material is a limy shale or i'n}i)ure chalk, some of the beds of which are moderately
hard. It is-characterized by the lighf straw color which it presents on weathered
outcrops and by the occurrence of thin beds of limestone filled with Ostrea congesta.
A small outcrop of beds supposed to belong to this for mation ‘appears southwest of
Casper at the foot of Casper Mountain, lying on the north side of the fault under the
uptirned edge of the Pierre shale, but is too indistinct-for conclusive identification.

- Pierve shale.—The Pierré shale is extensiv ely exposed ahout La~pe1 extending
to the foot of Casper Mountain, whevre it is upturned somewhat and cut off abruptly
by the great east-west fault. Its dips are miainly to the northeast, and east of
Caspei; it soon. passes under the Fox Hills sandstone; To the northwest it extends
from Casper to the base of the Bighorn uplift in continuous outcrop: The material

ix dark-gray shale in which occur numerous conecretions, mostly of small size, some

of them containing distinctive Pierre fossils. The relations to the Fox Hills forma-

- tion are somewhat obscmé for apparently to the north the.uppel Pierre beds contain

) sandstone mtercalatlons whlch closely 1e~;emble Fox Hills beds.

Foié Hills ‘and Lovamie’ Jormations. —Betw een_Cagper -and Douglas there are

. e\tenswe exposures of the Laramie formation, underlain to the west by the Fox
Hills sandstone, and traversed by the Casper Mountain fault, which brings them
in contact with the series of older rocks lying.to the south. OnaN01th Platte
River and in the vicinity of Casper and Glen Rock the Pierre shale appears: to he

_clearly separable, from the Fox Hills, if the lowest series of light-colored Sandatone\

* is to be regarded as the base of. the latter. ’ : ' T
' In- this lower sandstone series, 2 mlles south of Glenrock, the Iollowmg fossils
were obtained, dCCOldlnﬂ‘ to detelmmatlons by Mr. T. W. Stanton: - Anomia sp.,

S Avieula qumformca, E &S, A. neb/crsccmrzw E. & S.; Modiola meeks, E. & S,

- Lunatii ocad(mmhs, M: & H. (’), Haminea oazdentahe M. & H.; Callisio duwyé

M. &.H., and Séaphites, nodosis. - These sandstones are regarded -as. either high 'in-

_ the Plerre shale or as 1ep1esenmn0 the-lower portion of the Fox Hills. The latter-is
-a more dcceptdble interprétation, for the sandstones lié not far helow the base of the

Laramie coal measures. of the mines at (Jrlen Rock ‘the d1p bemg very gentle between
_ the two placps . CrE c R

-
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GEOLOGY OF THE HARTVILLE UPLIFT.

STRUCTURAL RELATIONS.

<

’i‘he Rocky Mountain Front Range and the Black Hills uplifts are connected
by an anticline which would have considerable prominence were it not for the thick
covering of Tertiary deposits. It branches from the main Laramie aplift north of
Tron Mountain, is extensively hared by erosion along North Platte River and north-
ward for some-distance in the Hartville region, and is marked by the prominent
peak of granite known as Rawhide Butte and by.numerous minor outcrops of
schists, limestone, and Cretaceous rocks in the eastern portion of Converse County.
This anticline is separated from the main Black Hills uplift by a low, transverse
syncline in which it is crossed by Cheyenne River.

" As compared with the Laramie Mountains and the Black Hills this uplift is low
and narrow, but has sufficient prominence to expose the pre-Cambrian rocks in
places, and doubtless has raiséd in other places ridges of these rocks that are
now concealed under Tertiary deposits. The syncline lying west of this uplift is
deeply covered hy these Tertiary deposits along the flank of the Laramie Range, hut
reveals an extensive area of Carboniferous limestones to the south, Morrison to
Niobrara and probably’ younger formations in the northwest corner of Albany
" County, and Fox Hills and Laramie formations to the north, where it merges into the
great syncline lying between the Black Hills and the Bighorn Mountains. On the east
side the covering of White River and late Tertiary deposits is so heavy, esprécially
in the high range of Pine Ridge and on the divide hetween North and South Platte
vivers, that the relations are difficult to ascertain. In Goshen Hole, where the
Tertiary formations have been removed, it is seen that there is a basin of Laramie
shales and sandstones, undoubtedly the northern extension of the great area of this
formation which underlies the northeastern portion of Colorado. To the north this
basin rises so that there appear in succession the Pierre shale, Niobrara chalk, and

~ _ the othei Cretaceons and underlying formations on the flanks of the Black Hills

QJplitt in the southwest corner of South Dakota. -

The most extensive exposures of the Hartville uplift are along North Platte
River, above Guernsey, and about Hartville and northeastward, Some ot the general
relations are shown in section 4, Pl. X. It will be seen from this section that the
old granites and schists aré exposed in a narrow zone, on the eastern side of which
the overlying Carboniferous limestones dip eastward under a distvict heavily covered
by Arikaree formation, but doubtless underlain by the regular succession of Paleo-
zoic and Mesozoic rocks. West of the-axis there is a broad plateau of Carbonifer-
ous limestones dippinglvery gently westward for some distance, then rising in a low
arch with steep dips on its west side which carry- it into a syncline containing upper

o
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A Carboniferous, Permian, and Cretaceous rocks up to Graneros shales.
tions are all clearly exposed in the deep gorge cut by North Platte River.

AND UNDERGROUND WATER OF CENTRAL GREAT PLAINS.

These‘forma
To the

south” there is a great thickness of Arikaree formation extending to the base of

Laramie range and far up its flanks.

On Laramie River, some distance below

the Colorado and Southern Railway crossing there are small exposures of granites’

and schists, which again outcrop in high ridges in Rawhide Butte, which rises

prominently above the high plains south of the head of Niobrara River.

Near Lusk,

at the head of this river, the old schists again appear at a number of points in the

vicinity, with overlying red quartzite and limestones aud a small exposure of Red

Beds just east of Manline station.

Along the northern face of Pine Ridge therg

is a continuous covering of Arikaree formation, but in some of the canyons at'thé

head of Oldwoman Creek and its branches in the northern face of: the great escarp-

ment there are several exposures of the ‘older rocks.

On the east side of Oldwoman

Creek there is exposed; by the removal of the White River beds, an anticlinal ridge
of considerable prominence, consisting mainly of Dakota-Lakota sandstone, which

pitches downward to the north and. disappears in the plains south of Lance Creek.
It has gentle dips on the east and nearly vertical dips on the west side.

STRATIGRAPHY.

The rocks of the Hartville uplift dre given in the following table: .

*

Generalized section of the rocks, of the Hartville wplift.«

. Agei . ' ) Formation. ’ Principal character. < Thickness,
! [ - K Feet,
‘ Piérre ... . ....... Dark shales with limstone concretions. ........... 1, 200
’ Niobraraﬂ e Impure chalk and limy shales . ... ... ... . _. 250
‘fCarlile -Z.._....... Gray shales with toncretlonq and thin qandstone 425
Jlayers. .
4 N Greenhorn . _..... Hard, impure, s]abby-limestone ................. 50
. - ||{Graneros ._....._. .| Dark shales with local sandstone bed near base ... 1‘8000
Cretaceous. -----1{Dakota .._._....._. Buff, gray, and reddish, massive, coarse-grained 160
’ . sandstone.
Fuson........._... Gray, buff, and maroon shales and sandstone ... .. 60
Minnewaste. _..... Gray TINESEONE -« e e oo e e e e 5
Lakota.. .. ... .... _Coarse, buif, massive, uross—bedded sandstone_._ .. ! 100
Morrison ...._...... Pale-green, gray, purple, and black clay, with thin ‘ 100
limestone
Jurassic ........ ‘Sundance.....l.... Buff sandstones and gray elavs.. ... . ............ 200

A detalled description of the geology of the Hartville regmn appears in folio \0 91 of the.U. 8, Geol, Survex by
W. S. Tangier Smith and \ H. Darton.

i

-
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TYPICAL CLIFFS OF DAKOTA SANDSTONE, NORTHEAST SIDE OF SALT CREEK, 2 MILES SOUTH OF NEWCASTLE, WYO,

View showing massive bedding and large columnar structure. Looking southeast.
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Generalized section of the rocks of the Hartville uplift—Continued.

Age. Formation. ’ Principal character. Thickness.
. '\ Fea.
Spearfish .......... Bright, reddish-brown, sandy shales and thin- 450
Triassic? or Per- bedded sandstone with gypsam. N
mian. Minnekalita (Per- | Thin-bedded gray limestone .. .. ....._..... .. 20
mian). .
Opeche (Permian) .| Bright-red thin-bedded sandstone, with red, sandy 60
shale.
Hartville (Pennsyl--| Massive gray limestone,dn part cherty. some beds 630
. vanian to Missis- very sandy; also white, gray, buff, and red sand-
Carboniferous. . . sippian). stone, red shale, and gray Timestone near base,
and; at base, red quartzite.
Guernsey (Missis- | Conglomeratic quartzite, with overlying sandstone 150
sippian). and massive gray limestone, lying on quartzite,
) schist, limestone, gneiss, and granite dikes.
Algonkian . ... ERRRERREEELLEEREE Granites and schists, -
CARBONIFEROUS,

Gluernsey ,)"(mnation.—Thé‘name .Guerr'lsey formation has been applied to the
basal member of the Carboniferous in the Guernsey-Hartville region. It consists
mainly of limestone; but has a thin series of alternating sandstones and lime-
stones at its base, the lowermost member, a white to pinkish congloneratic
quartzite, lying unconformably on a planed off surface of Algonkian schists
and granites. Its thickness ranges from 75 feet to about 200 feet, the smaller
amount being due to the removal’ of upper members by erosion prior to the
deposition of tbe overlymg formation. The following typical section was made

by Dr. W. S. Tangier Smith, west of Guernsey, *on North P]atte Rlvel

.

&Geologw section of Guernsey formation west of Guernsey, Wyo. ) o
Red quartzite of the Hartville formation, unconformity. ] ) et
Dark-gray fine-grained limestone bed......... L 30 -
Light-gray fine-grained limestone bed ... . ....... ..o, . 40
Fine-grained gray hmestone, with purplish tmge about ....................... 30 >
X Yellow, fine-grained, massive hmestone ..... et 18
. Red fossiliferous sandstone........ s PR e eninn 6
Fine-grained gray limestone ... ..._.. e b)
Moderately coarse-grained, limy &and&tones, of dull-reddish or yellowish color.. 4.
Nearly white conglomeratlc quartzite lying on AlgonEan schists........ ... .. 10

This formation probably i represented farther south on this uplift, near the
junction of the Laramie Range, but it has not been differentiated in that portion of
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the area. It extends to the northward for some distance and is believed to represent
part of the Pahasapa limestone of the Black Hills. - The following fossils were
collected from the Guernsey formation in the Platte Canyon and determined hy
Dr. G. H. Girty: i

Eumetria verneuiliana?. ’ Pugnax sp.

Fish tooth. ‘ Seminula subquadrata.

Productus gallatinensis. Spirifer ¢f. Keokuk.

Productis levicosta. _ Spirifer striatus var. madisonensis, -
Productus semireticulatus?. . . Zaphrentis sp. ’

These are Mississippian (lower Carboniferous) forms.

Hartwille forination.—The Hartville formation consists of a thick mass of ‘lime-
stones having at the base a characteristic deposit of hrownish-red quartzite from
50 to 100 feet thick lying on_the irregularly “eroded surface of the Guernsey
formation. The erosion separating thesé two formations represents a portion of
“earlier Carboniferous times. The limestones contain sandy hbeds, some sandy
mixture, and ocecasional thin layers of shale. The limestones are fine grained and
compact, generally of light-gray color, and, at some bhorizons, contain .thin
sheets of chert and chert nodules. The sandstones are medium grained and oceur
mostly in beds less than 10 feet thick, although locally they are thicker. They
appear to have calcareous cement ~and probably, where not weathered near the
surtace, are too compact to be water hearing.

The Hartville formation is extensively exposed in the region north of Guern-
sey, about Hartville, and westward, and especially in the deep canyon which has
been cut by North Platte River above Guernsey. It gives rise also to an exten-
sive plateau extending northwatrd from Platte Canyon to the Elkhorn Railroad.
The.limestones about Lusk, with the basal red sandstone lying on the Algonkian
schists, probably belong to the Hartville formation, which doubtless represents the
Minnelusa formation of the Black Hills. The following fossils, obtained from
between 300 and 500 feet above the hase of the formation in the canyon of Platte
River, were determined by Dr. G. H. Girty, by whom they are regarded as
upper Carboniferous (Pennsylvanian division): )

Ambodtelia? sp. Productus sequicostatus.

_ Archeeocidaris spines. Productus cf. inflatus.
Ay iqulopectenpcgi(%enfalis. .. Productus prattenianus.
Derbya crassa. -, = ) Productus punctatus. -
Fuomphalus sp. ’ Productus semireticulatus.
Fusilina cylindrica. . . Seminula gubtilita.
Marginifera splendens?. . Spirifer rockymontanus,

Orthothetes (or Derbya).
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GREENHORN LIMESTONE LYING ON GRANEROS SHALES, COTTONWOOD CREEK, SOUTHWEST OF EDGEMONT, S. DAK,

View showing characteristic thin bedding and shale intercalations in Greenhorn limestone, and the abrupt change from Graneros shale.
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. MONOCLINAL RIDGES OF GREENHORN LIMESTONE AND SANDSTONE IN CARLILE FORMATION, AT DAM OF CLIFTON
. RESERVOIR, SOUTH OF NEWCASTLE. WYO.

Dakota hogback in distance, to right Looking rorth.

= ——yr -

B. MESAS CAPPED BY GREENHORN LIMESTONE, SOUTH OF EDGEMONT, S. DAK.

Slopes of Graneros shale. Looking east.
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From the lower portion of the formatlon there were obt;amed seve1a1 of the
lower Carboniferous (Mississippian) forms gwen on page 64.
A series of red shales in the lower portion of this formation. and its- basal
. red quartzite may represent the basal red shale member of the Minnelusa forma-
tion in the Black Hills region. - : 5
Opeche fomnc&tzon —The chief exposurea ot the Opeche formamon in th1s uplift
are in the vicinity of North Platte River, on the west side of the uplift, 15 miles
northwest of Guernsey, and in a few scattered out Tops to the morth. - Appar-
ently it is also exposed near the beginning of ‘the uplift north of Iron Mountain.
* It has a thickness of about 60 feet, and consists of-thin-bedded, fine grainéd, bright-
red sandstone. It rests conformably upon a massive white sandstone at the top
‘of the Hartville formation, a relation similar to that which it presents throughout
the Northwest. . o
Minnekahtes limestone.—This limestone dotibtless extends under the Arikaree
formation along both flanks of the uplift from Laramie Range to the foot of Pine
Ridge, but was observed 'onl'y in one small area, together.with the Opeche
formation, northwest of Guernsey. - The 1ock‘usually outcrops in a massive ledge,
but is made up of thin layers, which, on weathermg, break up into plates or
thin slabﬂ
. TRIASSIC (7).

Spearfish formation.—The Spearfish red beds are exposed in the small basin
15 miles northwest of Guernsey, at the head of South Fork of Sybylee Creek north
of Iron Mountain, in the upper portion of Chugwater Valley, and near the rail-
road east of Manline station. The rocks are the typical red sandy shales, grading
" into soft thin-bedded sandstone, some layers of which are distinetly ripple marked.
Some of the lower beds contain thin layers of white limestone from a few inches
to several feet thick, and intercalations of thin beds of gypsum. The total thickness
exposed northwest of Guernsey is estimated to be 450 feet.

JURASSIC.

Sundance formation.—In the basin northwest of Guernsey the Sundance
formation is exposed in small areas, mainly in the banks of North Platte River
and on some of the slopes north, and in the forks of Muddy Creek. Soft fine-
grained sandstones of light-buff color predominate. A thickness of 200 feet is
exhibited, of which the lower 140 feet are sandstones and the upper 60 feet
interbedded slabby sandstones and clays. The rocks contain typical marine Jurassic -
fossils in moderate number. A section of the middle and upper beds of the

10001-~No. 32—05——5

)
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formation exposed near Muddy Creek has been reported by the late Prof Wilbur
Knight« as follows

Geologw eectlon of Sundance formatzon near Muddy Creek, Wyoming.

Feet.
Variegated clays and wmarls with ‘bands of sandstone. . .....i.......... o nn. 43%

¢ Yellowish sandstone . .. ..o ... .....ooooiiioiiiiai. it eeeeacaan 8%

Dark shale beds with remalns of Baptanodon, Belemnites, Ostrea, Toncredia, '
Comptonectes, and a few septana ..... e eeeeeeaaad e e eeacaan 383
Yellowish SandStone « . . am ..« oonone sl et e e e 2
'Gray SANASHONe - oo iiiiiiiiiiiiiaiaa 5%
Yellowish sandstone alternating with thin clay bands ....................... 6% .

- Thin-bedded gray sandstones with a few bands of clay ............. el 53
Total thickness exposed ...... 1104

A small exposure of the top of the formation occurs in a small side ravine
in the anticline on the east side of Oldwoman Creek.

CRETACEOUS

Morrison formation. ——The Morrison formation appeals in the banks of North
Platte River and adjoining slopes, in the basin northwest of Guernsey, and in the
draw in the anticline on the east side of Oldwoman Creek. It consists of ‘joint
clays,” or massive shales of various colors in which pale green predominates, but of
which some portions are purplish, reddish, and black. Some thin beds of lime-
stone are intercalated. - The rocks in a section ‘on Muddy Creek northwest of
Guernsey are described by the late Prof. VVllbul Knlghtb as follows:

Geologzc section of Morrison formation on Muddy C’reek Wyommg

Feet
Dakota conglomerate and sandstone....... e R
" . Variegated marls and clays shading from yellow to dark maroon, with dinosau-
rian remains. ... ... ... e ettt aa e e eeeeaaa . 38%
" Caleareous sandstone. .. ... ...._........_...... . e 2
Bluish and yellowish marls, containing Brontosaurus at top and Morosaurus at ‘
B e s 223
—  Drab caleareous sandstone_........_. Leeen e e eeeaaaeaaann P
Light-colored clays and mafls, with thin bands of sandstone ........... ...... .24
Clays and marl$ varying from light gray to brown..... ... .._....... . ... 234
Hard band of light-gray clay ... .. .ueeei i iiaaa, 43
Drabandgreenishclays.‘..'-...-.-...---.-.‘_‘.....’ ................. e . 223 .
- Drabsandstone ... ool e, 2
Yellow, greemsh and light- brown marls; shadlng into maroon in the upper
portion..... ...l . e 38%
- .GTay 8andStONes . : i ceiiciiemaee e aaan 3
Bluish gray cla); D P
Bluish and drab clays 1nterstrat1ﬁed with yel]ownsh bands...oooeeoioi oL 384

Total thlckness feeeeceeceanliccecesesanemanaaad feeemeeene eeeeeeeaeman- 2343

a Bull. Geol. Soc. America, vol. 2, pp. 377-388. b Loc. cit,
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CHARACTERISTIC FOSSILS OF NIOBRARA CHALK (AY AND GREENHORN LIMESTONE (B), IMPORTANT GUIDES IN WELL BORING.

. Ostrea congesta; B, lnoceramus labiatus.
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- Dakota-Lakota formations.—The sandstones of these formations are prominent
features in the basin northwest of Guernsey, and constitute the higher part of.
the anticlinal range on the east side of Oldwoman Creek. The series is from -
250 to 350 feet thick, comprising hard, massive, coarse-grained sandstones which to
the north are separated by a succession of clays and thin-bedded sandstones,
believed to belong to the Fuson formation of the Black Hills series. In the sand-
stones there are thin, conglomeratic streaks, general cross bedding, and colors pre-
dominately buff to dirty gray. In the uppermost sandstone there is usﬁally motre or
less ironstone in thin layers and concretions. On the east side of Oldwoman '
Creek the Fuson formation is underlain by a thin bed of limestone, which plobably
| represents the Minnewaste limestone of the southern Black Hills. o
Benton group.—In the' basin northwest of Guernsey only the,(xraneros'member -
of this group is exposed to a. bhicknegs of about. 120 feet, but the entire group
is exhibited in the anticline on the east side of Oldwoman Creek, where the
lower formation (the Glaneros) consists of dark shales 800 feet thick at the
greatest measurement, but apparently somewhat crushed-and: faulted in vlaces, so
 that the full amount is not exhibited at all points. . A thin bed of hard sandstone
occurs about 100 feet above the base, a feature also' seen northwest of Guernsey,
- where this sandstone is the uppermost member exposed. Above the sandstone
there are dark shales with occasional thin sandstone layers, capped by the Green-
horn limestone, a member cons1st1ng of about 50 feet” of “thin-bedded impure,
~ liméstone, -weathering out in slabs of dirty buff color and* usually containing
large numbers of the chalacterlstlc fossil, Inoceramus labiatus. This member is
succeeded by the. uppermost member of the group, the Carlile, which ‘bas =
thickness of about 425 feet, and consists of shales of gray color, with occasional
thin beds of sandstone, and toward the top, contams a characteristic hOI‘lZOD of
- biscuit-shaped concretions.
L There are extensive exposules of the upper memberb of the Benton forma-
* tion on. the west side of the anticline on Oldwoman (Jreek the beds dlppmg
very steeply to the west. : : : s
Niobrara formation. -—Thl\ formation is. expoksed along the Oldwoman Creek’
anticlie. Its thickness is 250 feet, and the rocks consist of impure chalk and
limy shale, which are of lead-gray color in fresh-exposutes, but ‘weather to a
" bright, pale-straw color, a highly. characteristic feature which: renders the outerops
very conspicuous. The formation- contains .occasional thln layers of hmestone
filled with the characteristic fossil, Ostrea conqesm
Piorre shale.—This formation probably underlies the” Arikaree formation
along . the east side of the uplift from Iron Mountain station northward, and
doubtless also the western side of the -uplift north of Orin Junction, but it is
exposed only in the lowlands n01th of the foot of, Pme Ridge.. There it is

.
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found on both sides of the anticline of Oldwoman Creek, extendipg to Chey-
enne River and thence along the slopes of the Black Hills uplift. The beds dip
steeply along the Oldwonan Creek Valley, where a cross-sectior medsurement
gave‘ a thickness of 1,200 feet. The rocks consist of a monotonous series of
dark-gray shales, with occasional thin concretions, and, 200 feet helow the top, a
zone of concretions of limestone filled with Zwucine occidéntalis. As in other
regions, the limestone concretions.ot this upper zone weather out in characteristic
tepee-shaped forms, which have been designated tepee buttes.

The Pierre shale is overlain by the Fox Hills, and Laramie sandstones,’
which extend far to the north and west in the great basin lymg between the
‘Black Hills and the ‘Bighorn Mountains.

GEOLOGY OF THE LARAMIE FRONT RANGE.

GENERAL STRUCTURE.

" The -Laramie Front Range is composed “chiefly of schists and granites of
Algonkian and Archean age, against which lie the regular succession of upper
Paléozoic and Mesozoic rocks. Originally the front of the range was entirely
dovered by -the Arikaree formation, but now this formation has been removed
by-erosion in places along. the range, allowing the older sedimentary strata to
appear. There are still, however, wide areas to the north in which they are
hidden. Hayden mentions a locality at the head of Cottonwood Creek where
the limestone appears, and in the Report of the. Fortieth Parallel Survey Mr.
Arnold Hague describes the sedimentary rocks extending/ southward from the
head of Sybylee Creek. Between this creek and Iron Mountain station a pro-
jection of the schists of the Laramie Range extends northeastward along the
_axis of the Hartville uplift. '‘On the north side of this projection, in which
the schists are exposed for about 10 miles northeast from the main mountain
- mass, lies Sybylee, Valley; in which is a considerable area of Red Beds (Chug-
‘water formation), overlying Carboniferous limestone to the west and apparently
abutting against the schists to the east. Possibly the apparent overlap is due in
part to faulting. s : »

Near Iron Mountain station there are several flexures in which the Paléozoic
and Mesozoic rocks are extensively exposed, the station 1tself being on an antlclme
which extends southward diagonally out of the mountain. To the west of this
anticline there is a-narrow synclinal basin; exposing all of the rocks up to the
Benton. To the south for some distance there is -an interval in which the
Tertiary deposits abut against the ‘schists in the mountain slopes, but at Horse
. Creek and thence southward -to Lodgepole Creek there are extensive exposures of
the older sedimentary - rocks lying west of the railroad. On Horse Creek these
‘ rocks include all the formations up to and including the Fox Hills. - Southwest of
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A. LIMESTONES OF WHITE RIVER GROUP IN RED VALLEY, 8 MILES NORTHWEST OF HERMOSA, S. DAK.

B. CONGLOMERATE IN CHADRON FORMATION ON EAST SLOPE OF BLACK HILLS, SOUTH OF FAIRBURN, S. DAK.

View showing cross bedding.
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Islay a small area of granlte rises east of the small babln of (/cubomtelous limestones,
~ but the succession east of the granite is covered by Tertlary deposits. On Crow
Creek the gramte is, offset_to the east for some dlstance, and in Granite Canyon,
on the railroad, and thence southward to the Colorado line, thé succession of sedi-
" mentary rocks is exposed, comprising at the State line all rocks from the Carbon-
iferous ]irhestone to the Dakota sandstone.

» ¢ »

STRATIGRAPHY.

CARBONIFEROUS.

The following section was measured by Dr. W S. Tang1e1 Smith on the Chug-
water at Iron Mountain station, Wyomlng

Geologzc section at Tron Mountain statwn Wyommg

Feet,

Limestone 5
Reddish sandstone . 15
Limestone y 40

Red sandstone .. _..... SO SRR [ 25

. - Massive limestone......... PR, P U S &1
Reddish qﬁartzitic sandstone R SR U B 12
Massive gray hmestone 40
Quartzmc red sandstone conglomerate. RSO eean e eaans 25
Compact limestone. ..t .. ......... P, .. el lliiiiiiiiiiii: 2B

- Red, rather coarse-grained qandstone and medlum-gralned conglomerate ........ 25

Conglomeratlc quartzite, hght colored..._.-....-.-....‘-................' ...... 10
Granite. : . -

The lower sedimentary members in this section may possibly be older than .
Carboniferous, but no evidence on this point is obtainable, and the upper series of
85 feet, consisting of 1ed sandstones \Vlth 1ncluded limestones, probably belongs
in the Red Beds. .

In Horse Creek-Canyon, where the beds stand nearly Velmcal a thickness of
‘about 500 feet was measured. The basal bed is a sandy 11me<tone lying dlrectly '
. on the granite. The rocks are mainly hmestones, with several intercalated beds
of brown sandstone, as in- the Chugwater section. -

At Table Mountain, between North Crow Creek and Lodgepole (,leek the,

following séction is given by Mr. Hague:

‘Geologic section at Table Mountain, Wyoming.

Feet
Pink and cream-colored limestone, alternating with thin sandy beds ......_. ... 650
- Bluish limestone, highly siliceous................ et iaaacaiamaaana 650 -
. Conglomerate (thin bed) ......_.._. . .. 650
Gray and bluish sandy limestone .. ... ..._.... e e i 650
Red sandy limestone..... e e eieeaeaieanaaagenaas )
Pink sandstone . ............ DU il " 50

Gray sandstone, fine grained, but with some conglomerate, very compact....... 100
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_At Granite (J(mvon, ]ubt north of the Umon Paclﬁc Railroad, Mr. Hague

repOIts the followmg succession:

. ‘Succession of beds at Gmmte C’am/on, Wijoming.

Light-gray 'limestone, with sandy beds.
Massive blue limestone ‘

- Bright réd sandy limestone.
Reddish-gray sandstone, compact, fihe pebbles.

East of Signal Peak, 3 or 4 miles south of ‘the railroad, the following section

was measured by Mr. Hague:

~ — - . Geologic, section east of Signal Peak;- Wy:mning. -
: - e ‘ . ) Feet.
_Blue liméstone. . __.. e e e et . 300
i " Fine conglomerate (thin bed) .._............. e ettt 300
" iRed sandy limestone. ... .. ‘ 300
- Bluish-gray. limefstone. . ......... s . el - 400
.Red sandstone, limy near top. - . e ceeee- [ I - .. ceeeeeas 100

The sandstones are all somewhat limy and the limestones carry, more or less :

sand and in the heayier bedded rocks there frequently occur thin intercalated

sandstones and fine conglomerates. The lower sandstones vary from a hard rock

to a loose friable conglomerate, and all have a reddish tint. The upper sandstones

are generally coarse and of bright-red color. Many of the limestones are of dark

bluish-gray color, with bands of various colored beds. The upper members are

usually lighter in color, often pink and white. At Granite Canyon. the lower

limestone is dolomitic. The uppermost limestone and the bed immediately

underlying the red beds at Horse. Creek is a very ﬁne-graiﬁed homogeneous

rock of deep flesh-red color, and is a nearly pure dolomite. The red arenaceous

hmectone at the base of the limestone series appears to be a constant horizon.
The tossﬂs reported are as follows: Productus semareticulatus, P cora, -and
Seminula subtilita, the first being _the‘ most abundant. - These indicate that the
beds are upper Carboniferous, or ‘Pennsylvanian, doubtless representing part of
. the Minnelusa formation of the Black Hills or the Hartville limestone of the

' Ha.rtvﬂle Guer nsey” r region.
: " TRIASSIC (7)

(/%ugwater format@on ~The 1ed bed seriés on the Chugwater about Iron Moun-

" tain, as measured a short distance north of Iron Mountain station, has & thickness of -
between 700 and 800 feet in-beds dlppmg from 43° to 78°. The rocks are mbstlv red
sandy shales gladlng mto soft red sandstones Whleh in most of the beds contam

r".A 5
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A. CLOUD PEAK, THE CULMINATION OF THE BIGHORN MOUNTAINS,

View showing typical glacial erosion in granite. Cloud Peak and top of glacier shghtly to right of center distance. Looking west.

B. EAST SLOPE OF BIGHORN MOUNTAINS, FROM ACROSS WOLF CREEK CANYON.

Granite on left, overlain by Deadwood shajes and sandstone, Bighor hmestore (the most piominent ledge in distance), and Littlehorn limestone; beds
all steeply arched to right of center in distance.
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considerable clay. Their hrilliant red color is their most sfriking feature. Near the
middle of the formation are two thin layers of limestone, and at the base the follow-
ing section: R ’

o

Sectmn mst north of Tron Mountam station, Wyoming.

- N N . Feet.

Typlcal red beds. ... . il e eeeeeeaeaeaa- Many.
Brownish-red soft sandstone,’ massxve e e e 10
-+ Limestone, whlte massive. .. ... e [ e 5
Brownish-red sandstone, moderately soft, massive....... e R 40
Thin- beddedphmestone ..... e e eeeemmieieaceaaaan A, s 6
Reddish-brown sandstone - ... ..~ ....... e i 3
Limestone with Carboniferous fossils .. ... . ... . i Many

P

The Minnekahta limestone, probably, is not represented in Chugwatef Valley, a
most unusual feature, The brownish-red sandstones with-limestone layers in the
- basal series presumably represent the Tensleep sandstone. The top of the red heds
. on’the Chugwater consists of a massive bed of pale-red sandstone, a characteristic
- member from there southward to ‘and through Colorado. Gypsum does not occur
in the- sectlon on the Chugwater, but appears farther south. '

On Horse Creek.the Chugwater formation i is extensively exposed and the follow-
ing sectlon was-measur ed across vertlcal strata ;

Section on. Hovse Creck, Wyoming.

: ! : " Feet
Pale reddish-brown, massive sandstone. .. ... ... . . .iiiiiiiiiiiiaiaannn 40
Bright-red sandy shales and soft thin- bedded sandstones. ... . ... .......... 700
White limestone, massive............... e ___________________ 5
Bright-red shale ......... B R LL ST PPOPREPPRE e eemeaeeae [ +. 100
Porous sandy limestone . .. . oo uea e e 4+
Bright-red shale ___ ... _..._. e S 70
Limestone, sandy and massive above thin-bedded and purphsh below ....... © 20
Bright-red shales and sandstones. ... Tl ceeeene-- 260
AU le pole-reddish, massive, soft SANASEONE. - <. oo oo ioieeeoeeno .. feeeie R 20
White, hard, massive limestons. . ... . ceoeoeoooooo... s . B
Pale reddisti<brown; iassive, soft sandstone . ........ et 40
Massive limestones, Carboniferous ........ e Many.

‘The 20-foot limeetohe bed in this'secti/on gives rise to a conspicuous ragged wall
rlsmg 90 feet or more on the red-shale slopes. ~ The whole strongly suggests Min-
nekahta limestone with red Opeche beds below. The basal sandstone bed, 60 feet. B
thick with the included 5- -foot hmestone layer, is similar to the basal series on Chug- -
water Creek and probably represents the Tensleep sandstone ‘ :
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Sundance formation.—This formation extends all along the foot of Laramie
Range in \Vyomi'ng and is exposed on the Chugwater about Iron Mountain station,
on Horse Creek and for some distance southward, and near the State line. Near
Tron Mountain station it is well exhibited, consisting of an upper series, 30 feet
thick, of soft slabby sandstone, gray at the base and buff toward the top, with ripple-
marked ]ayels and much intercalatéd shale; and of a lower series, 50 feet thick,
mostly.of green to gray shale, with layers of soft, thin-bedded, g1een1~h gray
sandstones, lying on the red beds of the Chugwater formation, °

In.the vicinity of Horse Creeck the exposures are not plain, but at the base
are seen about 30 feet of greenish-gray sandy shales, overlain by 10 feet of bright,
buff-colored sandstone, capped by the Morrison formation.

CRETACEOQTUS.

.Jl[orm'son' Jormation.—The Morrison beds are exposed extensively on the
‘Chugwater, to some extent on Horse:Creek at the head of the Lodgepole, and on
 head branches of Boxelder Creek near the State line. The rocks are mainly
shales with- several limestone layers, especially in the lower members, Much of
the material is a *‘joint clay ” or a massive shale of pale, greenish-gray tint, and
some beds in the middle of the -formation present bright maroon and chocolate
colors. There ave several limestone layers in the lower 50 feet of the formation,
varying from a few .inches to 3 feet thick. In one of these, near Iron Mountain
station, as in other districts,” many remains -of fresh-water algee were observed.
The thickness on the Chugwater and near Horse Creek is 300 feet.

“ Dakota® sandstone.—The Morrison formation is overlain by sandstone, whlch
gives rise to distinct hogback ridges. The thickness of this sandstone varies from
100 to 150 feet in.greater part, but is much less at.some points. At the bottom there
is usually more or.less conglomerate, grading up into buff sandstones, massively
bedded, and often more or less cross-bedded, a member which probably corresponds
to the Lakota sandstone of the region north. It is overlain by clays with thin sand-
stones, capped by a series of hard, massive, buff sandstones of typical . Dakota
aspect outerepping in promlnent cliffs and contalmng more or less ironstone in
streaks and concretions. Near Horse Creek the Dakota sandstone is less conspicu-
-ous -than the sandstone in the Benton, owing partly to its diminished thickness and
partly to its being less hard. - _ : . ’

Benton group.—The Benton rocks are éxposed to a moderate extent on the
Chugwater near. Iron Mountain,station and on Horse and Lodgepole creeks. They
consist of about 1,200 feet of dark clays, hard and fissile below, lighter colored and
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CANYON OF TONGUE RIVER BIGHORN MOUNTAINS, WYOMING,

Snowing Littlehorn limestone with characteristic castellated erosion forms and canyon walls. Looking west, upstream.,
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softer above, with a conspicuous bed of hard sandstone about 150 feet abdve their base.
The grodp usually is separable into Graneros shales, Greenhorn limestone, and
Carlile formation, but the Greenhorn limestone is very thin and not everywhere
recognizable. The sandstone in the Graneros is well exposed north of Iron Mountain -
station, having a thickness of 25 feet and rising in a conspicuous minor hoghack
outside of the Dakota hogback. Tt lies on 140 feet of dark shale. Above it are
50 feet of dark shale, merging upward into the series of hard gray shales and thin-
bedded sandstones, weathering light gray and filled with fish scales, that is so con-
spicuous along the Bighorn and Black Hills uplifts. The Carlile beds near Iron
Mountain station contain thin sandstone beds and numerous concretions near their
tops, which present the usual sandstone layers. Near Horse Creek station the con-.
cretions in the upper part of the Carlile beds, about 40 feet below the basal massive
" limestone of the Niobrara, contain Prionotropis, an occurrence of this characteristic
form similar to that in other districts. The following section gives the succession
of Benton rocks in the slopes west of Horse Creek station: ‘

Geologic section of Benton beds west of Horse Creek station, Wyoming.

- - Feet,
- Niobrara._..... Limestone. . . .
Black shale -...f..ieoeiioeiiiiii e SV .10
Carlile ....... Sandstone and sandy shale . ... ... e S 20
Gray shales, with coneretions containing Prionofropis near top .. 200
" Greenhorn. ... Sandy limestone with Inoceramus labiatus. . ... .. ... o.oo... 3}
Shales, dark and fissile below. - ... ooo.oiliiiii s 450 .
Hard shales and thin-bedded, hard sandstones, weathering light i
- Graneros . ... gray, with fish scales (Mowrle beds) -eeeiaeniiaa e L. 80 ‘
+"|Dark shale .........o......... A AR e - 30,
Hard coarse sandstone, massive....._.... e eeeeeaanas s 25
Dark shales, fissile tosoft ... ....._ .. ... e s 150 -
Dakota - ....... Sandstone, buff, coarse, mos stly SOt~ ot U 204

Some of these measurements are uncertain, owing to talus or to crushing, for
the beds stand nearly vertical. The 25-foot bed of hard saudstone in the Graneros
formation rises in a sharp hogback, more conspicuous than the Dakota ridge, which
is there very slightlj ainarked mﬁng to the\ thinuess and softness of the rock. The
hard shale, weathering light gray, beginning 30 feet “above the Graneros sandstone .-
(\Iowne beds), is the characteristic horizon so conspicuous in regions farther north.

Niobrare, formation.—This formation, appears in the vicinity of Horse Creek
and on the Chugwater northeast of Iron Mountain qtatlon -1t consists of lime- .
stone and.impure chalk, grading into limy. sl]ale and "having all the typical
features which it presents in Colorado. Tts basal membel is a 'soft, light-gray,
massive limestone, filled with the typical Jnoceramus deformis, and there are two
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other beds of limestone above, separated by limy shales. At the top is the usual
chalky bed, which weathers to a bright-straw or pale-ocher color, and contains
thin limestone masses consisting of colonies of Ostrea congesta. The thickness of
" the formation is 875 feet on Horse Creek and somewhat less on the Chugwater.

Pierre shale.—The Pierre shale appears extensively for some distance on
both slopes of the Horse Creek and Chugwater valleys, in a zone approaching a
half mile in.width in some places. As the beds dip nearly &ertically, this indicates
great thickness. All the material is dark shale, containing occasional calcareous
concretions with typical fossils. -

Fow Hills formation. The Fox- Hills beds outcrop along the railroad just
.north of Horseé Creek station and possibly at other points in the valleys. The
formation consists of soft -impure sandstones and sandy clays with an incipient
concretionary structure. No fossils were observed and the beds are plovmonalh
clas>1hed as Fox Hills because of their sandy charactel :

PALEOZOIC AND MEbOZOIC GEOLOGY OF EAbTERN COLORADO.

GENERAL RELATIONS.

The eastern halt of Colorado is underlain by an e:itensive series of sedimentary
formations from Cambrian to Tertiary in age. They are in widely extended sheets, .-
which lie nearly level under the plains, hut are upturned steeply against the front
ranges of the Rocky Mountains. The largest surface areas are the later Cretaceous
and Tertiary formations, the lattex coverlng most of the region north. The genelal
“structure of the region is indicated in sections 6. 7, 8, and 9, Pl. XI. From these it
will be seen that there is a genelal steep monoclinal dip along the mountain front
into a basin east of which there is a low arch extending to and beyond the east line
of the State. The broader structural features are shown in Pl. LVIII, which shows
the contour of the Dakota sandstone. In the southeastern portion of the State the
principal arch east of the main nplift is an anticline which extends southeastward
from the Greenhorn and Wet Mountain ranges and passes under the Mesa de Maya.
By this uplift the Dakota sandstone is brought to the surface over a wide area south
of Arkansas River, especially in localities where there has been deep erosion by the
" .transverse streams. The deep basin, west of Trinidad passes diagonally to the north-
west behind the Greenhorn Mountain range, and -the Florence basin lies in a shmp‘
" depression betweén_the.southern prolongation of the aﬁticline of .the Pikes Peak
range and that of Wet Mountain, which coalesce a short distance southwest of Pueblo.
- It will be seen from these As‘lcate‘menf;s that the monocline of the Rocky Mountain
‘: front is by no means continuous throughout. North of Denver it presents some

“small oﬁsets of which a series of three en echelon are’ ﬁnely exposed west of -
. C
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A. TYPICAL CROSS-SECTION VIEW OF EAST SLOPE OF FRONT RANGE OF BIGHORN MOUNTAINS, WEST OF
SHERIDAN, WYO.

Grarite to left, overlain by Deadwood beds; knob capped by Bighorn limestone; plains of Laramie formation in distance to right.

B. EAST SLOPE OF BIGHORN MOUNTAINS, WOLF CREEK, WEST OF SHERIDAN, WYO.

Showing granite in gap and Deadwood to Sundance forrrations, Tensleep sandstone on slope; Chugwater red beds in valley; cliffs to right capped by
Sundance beds (over tents).
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A. EAST SLOPE OF BIGHORN MOUNTAINS, ON NORTH SIDE OF WOLF CREEK. NORTHWEST OF SHERIDAN, WYO.

Hogback of Cloverly sandstone; slopes of Morrison formation to left.

B. EAST SLOPE OF BIGHORN MOUNTAINS, AT ROCK CREEK, NORTHWEST OF BUFFALO, WYO.

Limestone layer in Red Beds; dips nearly vertical; Tensleep sandstone to left; granite in distance, brought up by cross fault.
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Greeley. These are insignificant compared with the great offsets due- to the A
south-pitching anticlines at the southern end of the Pikes Peak and the GGreenhorn
Mountaifi. ranges, which extend transversely to the southeast out into the plains.

<

STRATIGRAPHY.

The sedimentary formations in eastern Colorado maintain great uniformity
throughout their course, but occasionally present certain regional variations which
" are.of importance, particularly in the lower formations, some of which occur only in
limited areas. -The principal variations of this class are due to the fact that there
* are numerous embayments and protuberances in the floor of granites on which the
sedimentary rocks lie, giving rise to overlaps of various kinds. Two of these pro-
tuberances west of Denve1 have been described by Eldridge,* who found that they
not only cut off some of the lowermost formations, but also mark zones of movement
on which uplift has taken place at various times, as indicated by the local absence of
some of the formations at different horizons. W.T. Lee has found similar relations
in the vicinity of Perry Park southward, and they exist in the great Manitou
embayment west of Colorado Springs, where several hundred feet of the older
formations are present in a local basin overlapped hy later beds on either side.
South of this embayment the granite mass of Cheyenné Mountain extends to the
east for several miles diagonally across the edges of several thousand feet of nearly
vertical beds, a relation which indicates a great fault, some features of which have
been described by Prof. W. Q. Crosby. This-fault extends to the Pierre shale,
which ‘appears to lie against the granite for some distance south. In the ‘deep
embayment northwest of Pueblo all the formations again appear, from Cambrian
to Laramie, with various overlaps and considerable faulting. It is stated that south
of Florence the Laramie beds are faulted into contact with the granite. Southwest
-of Canyon the progressive overlap from Silurian to Morrison onto the granite is-
clearly expo/sed. There are numerous overlaps southwest of Wet' Mountain, which
indicate migrations of shore lines along relatively steep granite slopes at various
- geologic periods. Southwest of Denver there is also more or less overlap of the
Laramie and overlying formations beyond the edges of lower strata, reaching the
granite for some distance along the Arkansas divide. There appears to be a similar ‘

overlap on the west side of Wet Mountain range.

3

X aEldrxdge,' G. H., Mon. U. S. Geol. Survey, vol. 27, 1696.
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Table of Paleozoic and Mesozoic formations of eastern Colorado.
Age. Formations, Principal character. - “ Thickness.
I —
Feet.
) Denver............ Conglomerates, sandstones, and clays. 1, 450
Tertiary .....cocoveenn.- Arapahoe_......... Clay on thick basal series of Longlom- 800
erates.
Laramie ... ........ Clays, with sandstone layers and coal 1,000
_ beds. :
Fox Hills.......... Sandy shales, with sandstone at top. -| 100-1, 000
Pierre coooeenennn-. Dark shales, with local sandstone | 1,500-7,5007
layers,
Niobrara .......... Light-colored soft limestones and : 350-700
limy clays.
Cretaceous. . ........ ...|)Carlile .. o......... Dark shales, with sandstone, at top... 200
' Greenhorn......... Slabby limestones. .. ................ ' 30
Graneros .......... Dark shales, with local sandstone 400-500
layers in lower part.
“ Dakota’._....... Gray sandstones, sometimes conglom- © 100-350
eratic; fire clay in middle. -
Comanche series ... Soft sandstone and sandy clay ....... 20 -
Morrison .......... Gray to maroon “‘joint clay,” with ! 200
) - limestone and sandstone layers. )
Triassic (?) or Permian .. Uppgr Wyoming | Bright-red sandy shales, with thin 400
(Chugwater). limestone layers and gypsum; red- -
@ dish sandstone at top.
Pennsylvanian.. . ....... Lower Wyoming | Coarse red sandstones and conglom- 600-1, 200
(Fountain). erates.
Lower Mississippian. .. .. Millsap .c.aooennnn. Gray and purplish limestone......... 30-200
Fremont........... Gray to pinkish dolonnte, uneven 100
grain.
Ordovician ............. Harding ... _........ Fine, even-grained. gray to pink sand- 100
- stone, some shale.
Manitou .. ........" Reddish dolomite.:_ .. .. .. ..... 100-270
sCambrian - ... ...l ool Reddish sandstone.... ... ... ... 40-100 .

CAMBRIAN,

Rocks of Cambrian age underlie the Ordovician limestones in the Manitou

“embayment west of Colorado Springs and in a small area ‘north of Canyon.

Elsewhere along the Front Range post-Cambrian rocks appear to lie directly on the

old granites or schists, the most extensive development being found on Trout

Creek, in Manitou Park, where Dr. A. C. Peale¢ gives two sections having_thé

following succession: .

aHayden, F.V.,'S

eventh Ann, Rept, U.S. Geol. and Geog. Surv. Terr., 1873, p. 208.
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Sections on Trout Creek, Manitou Park, Colo.

I 1.
. ’ e Feet. | Feet,

Pink limestones...... . L

o } 54| 60
Blood-red calcareous sandstones...... ... . .. LLiLliiiiiiiiiiieioion
Greensandstone. . .............. e N 4 3
Dark purplish-brown sandstone _........._. 16 13
Pinkish sand8tone. ... oo e et 3 : ‘65
Yellowsandstgne ............ e eeeaaa ] ' } °.
Granite. o

Fossils found in the red sandstone near the top are Lingulepis and Obolus, and -
from the top limestone were reported Orthis cf. desmopleura and Euomphalus,
Asaphas, (Zl[egalasy%a), Conocoryphe, Lingula, Bathyurus and Paradowides or
‘Olenus, a mixture of Cambrian and Ordovician forms, . C. W. Cross ¢ visited
this area and from East Branch of Trout Creek obtained fossﬂa which were identified
-by Mr. C. D. Walcott, as follows: ‘* From ‘reddish-brown sandstone 45 feet above
the granite, Lingulepis sp.?, an elongate form allied to L. pinnxformis of the
Potsdam of Wisconsin.” . ) . )

From red calcareous sandstone, alternating with white limestone farther up, an
Ordovician fauna was obtained. A similar basal sandstone series, which appears
at Manitou and extends for some distance north along the west side of the Garden
of the Gods to beyond Glen Eyrie contains upper Cambrian fossils. According to
W. T. Lee, a quartzite, which is presumably of the same age, appears on Deadman
Creek. The basal quartzites and immediately overlying cﬁerty limestone of the
Garden Park area are of Cambrian age, the cherty limestones having yielded an
upper Cambrian trilobite, Ptychoparia. A section of basal beds west of Colorado
Springs is given as follows:? ‘

Geologic section west of Colorado Springs, Colo.

Feet
Brick-red sandstone, with green layers _..._. e 20
Coarse gray sandstone........ R 6
Coarse dark-green SANASEONIC - o o\ e e e e 4
. Coarse grayish-white‘sandstohe P LETETEETT PR PR TP e 26

Granite.
This series vielded no fossils here, but it underlies Ordovician (Manitou) lime- ‘
- stone, as in Manitou Park, and a‘few miles farther north: yielded fossils of upper
Cambrian age. ' S

a Emmons, 8. F., Mon, U. 8. Geol. Survey, vol. 12, 1886, p. 62.
bHayden. F. V., Seventh Ann, Rept. U, 8. Geol. and Geog. Surv. Terr., 1873, p. 201. -
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ORDOVICIAN.

The only Ordovician rocks which reach the surface on the eastern side ‘of
"the Rocky Mountains are some limestones and sandstones that lie in the Manitou
embayment,.Trout Creek Valley, Perry Park, and in the district extending-from
Arkansas River north for some miles in the vicinity of Canyon. -

In these localities the deposits, as above mentioned, usually lie on a thin
mass of Cambrian sandstone or quartzite, but sometimes they overlap on the
granite and schists. In the Canyon district the Ordovician is represented by the
* Manitou limestone, Harding sandstone, and Fremont limestone. These have been
described in detail by Mr. C. D. Walcott,* mainly in connection with the occurrence
of fish remains, and by Dr. W. C. Cross in describing the region northeast of Canyon
in the Pikes Peak folio. The following members are described by Doctor Cross:
l  Manitov limestone.—This limestone is extensivély exhibited in Oil Creek
Valley, Garden Park, where it consists of fine-grained pink or reddish dolomite
less than 100 feet thick. It occurs also in the Manitou région, where it contains
Ojln'leta, Camerella, and other characteristic Ordovician fossils.

Harding sandstone.—This formation consists wainly of fine, even-grained,
granular sandstone in alter nating bands of light-gray and pinkish or Variegated'
colors, with a few. bands of dark- ved or purplish sandy shale, having a maximum
thickness of about 100 feet. The lower part is sometimes calcareous and-develops
laterally into a thlnﬁne-glamed dolomite. This formation contains fish remains
" at the Canyon locality.  In Garden” Park the sandstone -vests with apparent
qonformitjz on t}]e- Mani.tou lirhestone, but to the southeast it overlaps” on the
basal sandstone and n_éal' C“anyon\ on the gneiss. At Canyon the formation is
86 feet thick and consists of gray, reddish, and ‘purplish-brown sandstone and
shales with many“fos»ils of early Trenton age. A small outlier of sandstone,
appalentlv of th1s formation, is mapped by Gilbert, underlying the Millsap
‘ ((JalbOnlfQIOllb) limestone in-the slopes west of Beulah - .

Lremont limestone. ——Overlylng *‘the Harding sandstone with apparent con-
formity, there occurs a blulsh -gray or pinkish dolonnte of uneven grain, sometimes
arenaceous, which gives rise to- very rough weathered surfaces.” Tts thickness in
Garden Park is about 100 feet,”but increases southward to a maximum of 270
feet near Canybn,"pa'rtly throngh . the development of .an upper fossiliférous
member. In Garden Park it is characterized especially by the coral Halysites
caterdlatus, and- also contains a molluscan fauna like that of the upper Trenton
in New York. It appéarsvt(‘) be restricted to a small area in Garden Park and
vicinity and a nar oW, _outerop extending southward past Canyon. These formations
all end a sh01t dlstance southwest of Canyon by overlap of later deposits.

o Bull, Geol. Soc. America, vol, 3, pp. 153-167.
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CONGLOMERATE IN LOWER PORTION OF LARAMIE FORMATION, NORTH SIDE OF ROCK CREEK, NORTHWEST OF
BUFFALO, WYO.

Conglomerate, largely of Deadwood, Bighorn, and Littlehcrn matenals, limestone and granite in Bighorn Mountains in distance. Looking west.
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At Manitou and for some dlstance nmthwald and in Trout Creek Valley
(Manitou Park) thére are other areas of Mamt,ou limestone underlying the red
beds. On Trout Creek this limestone has yielded distinctive Ordovician fossils,
as noted ou page 77. o

Doctor Peale gives the followmg section of the exposmes of Manitou limestone
and associated formations+en Camp (Jreek, at Glen Eyrie:*

Geologic section of basal rocks near Glen Eyrie, Colo.

Peet

Carboniferous (%) ..Gray, purplish, and yellow limestones . .............oouee.. 297

Red shaly limestones, with fragments of Ordovician fossils.. 4

. Limestones with interlaminated shales ................._.. 7

_ Red limestone with flint nodules .- ..................._... 7

. Red limestone ... .. .o couioiaaao... e 2
Ordovician ... ... .

. Red -shaly limestone. . ... oot 1

Red limestone .........._... ....... 1

Irregularly laminated limestone._.. ... .. .. . .. ... ... 3

- ’ . Red and greenish limestone ....... ... . ... ...l 5

Brick-red sandstone with green layers.................... 20

Combrian ... ... Coarse gray sandstone......... SRIEIIIEES L. L8

: Coarse dark-green sandstone............ et 4

Coarse grayish-white sandstone........ e 20

Granite. -

- On Deadman Creek, 6 miles south of Perry Park, a small outlying area has

-Ween investigated by Mr. Willis T. Lee.” The rocks are cherty limestones in

“

layers interstratified with red clay, overlying a few feet of deep-red quartzite of
supposed Cambrian age. The fossils obtained were examined by Doctor Weller, .
who found the best preseérved specimens to be Dalmandlia testudinaria of Ordo-
vician age. A second exposure of this limestone, similar to the first, occurs in
thé southern portion of the Perry Park area at the head of the eastei‘nmost
prong of West Plum Creek, as noted by Doctor Peale of the Hayden Survey.
Mr. Lee found no fossils at this locality. .

Silurian and Devonian rocks appear to ‘be entirely lacking. in  the Rocky
Mountain Front ‘Range, although - possibly they were laid down in the region

B and afterwards removed by the Vlgorous erosion plecedlng the Carbonlferous

deposition.
- - - - CARBONIFEROUS- TRIASSIC.

J[zllsap Timestone and Wyoming formation.—Along the Fxont Range in Colo-
rado there are three series of deposits replesentmg, respectively, the Carbonifer-

“ous, probably the Permian, and possibly the Triassic.. The lowest of these .is a

aLoc. eit., p. 201 :
- bLee, W.T, Geology of the Castle Rock reg]on Colorado ‘Am. Geologlst vol. 29, pp. 96-97.
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limestone—the Millsap—containing a lower Carboniferous taum, which outcrops
“in a few small areas and is separated from adjoining formations by an erosional
unconformity. Next comes an extensive series of sandstones predominately of red
06101', which to the north and to the south in part merge into and in part overlie
Jlimestones with an upper Carboniferous fauna; this series comprises the lower
Wyoming formation of Eldridge, which is the Fountdin formation of Cross and
(tilbert and the Badito formation of Hills, The third or uppermost member (the
upper Wyoming of Eldridge) consists mostly of fine-grained red shales and sandy
shales, with deposits of gypsum and thin beds of limestone, which are believed to
represent the southern extension of the Spearfish and Opeche red beds and included
Minnekahta Iiniésfpne of the Black Hills and dther regions.

The-lower . Carboniferous, or Millsap, limestone outcrops in detached basins
" in Perry Park, about Manitou, and in the district north of Canyon, and to a
limited extent near Beulah, southwest of Pueblo; possibly there is a continuous
sheet of it out under the Plains. It is everywhere distinctly separable from the -
overlying and overlapping red beds.

The Fourntain, or lower Wyoming, formation extends for many miles along
the Front Range, lying directly on the irregular surface of the crystalline rocks
for the greater part of its course. The upper Wyoming, or gypsiferous red
beds, appears not to extend quite to Arkansas River, although probably it 1eappeala"
again farther south and southeast.

The upper Carboniferous limestone, which is found in the northern portidh
of the Front Range near the Wyoming State line and in the Culebra Range,
appears to mergé into the Fountain red beds, which I believe are precisely
equivalent to the lower Wyoming of Eldridge and the Badito formation of Hills,
and represent the Amsden formation and overlying Tensleep sandstone of the
Bighorn Range and the Minnelusa formation of the Black Hills. The gray sand-
‘stone which generally marks the summit of these lower red beds appears to be
the same as the Tensleep sandstone of the Bighorns and the sandstone which
usnally occurs at the same horizorf (upper Minnelusa) in the Black Hills.

Upon this sandstone there lies the principal upper series of red beds, the
upper, Wyoming of Eldridge, a formation clearly separable in the Front Range
zone in central and northern Colorado. This series has been found to contain,
near its hase, a persistent and characteristic layer of limestone, usually very thin
in Colorado, which separates a thin series of fine-grained red beds below from
a thick overlying mass of fine-grained gypsiferous beds above, presenting pre- ‘
cisely the succession of Opeche and Spearfish red heds with intervening Minne-
kahta limestone found in the Black Hills and in eastern Wyoming. This
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NATURAL BRIDGE IN TENSLEEP FORMATION, LA PRELE CREEK, SOUTHWEST OF DOUGLAS, WYO.
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sequence is clear at Laporte, Liyons, Boulder, Morrison, Perry Park, and the Gar-
den of the Gods, in Colorado, but, approaching Arkansas River; the region of
the typical Fountain formation, this upper gypsiferous series appears to thin and
end. Probably it is represented again farther eastward in the canyons of the
Purgatory, Cimarron, Muddy, and other streams by the occurrence of >gypsifel'0us
beds between the Morrison “formation and- the coarser-grained red sandstones
believed to represent the Fountain formation.

The age of this upper series of red beds is not definitely known. It has
usually been regarded as Triassic for the reason that some known Triassic beds

classitied the lower Wyoming beds as Triassic and the upper Wyoming, together
with the overlying Morrison, as Jurassic. From fossils found in the Minnekahta
limestone in the Black Hills region, a horizon which appears to be continuous
through the lower  portion of the upper Wyoming beds in Colorado, it is
believed that at least the lower third of these beds is Permian, but even if this
be the case the upper portion may be Triassic and represent either all or a part
of that period. ‘At their top there is' an unconformity which may represent
Triassic timé_together with Jurassic, as Jurassic beds are absent to the south.
Southward from Colorado Springs, where the upper W;roming beds appear to be
absent, this unconformity at the base of the Morrison comprises all Permian,
Triassic, and Jurassic times.
~ Some features of the Carboniferous deposits and *‘red.beds” in eastern Colo-
rado are as follows:

In Boxelder Valley, in the foothills of the Rocky Mountains, at the Wyoming
State line, there are exposures of limestones containing Pennsylvanian fossils,
overlain by fine-grained gypsiferous red beds of the Chugwater formation, which

“in“tirii “are capped unconformably by the Sundance formation, or marine Jurassic.

These upper red beds continue far to the south, but the Pennsylvanian limestone
rapidly gives place to coarse sandstones; mainly of red color, which extend-for
many miles south as the basal member of the sedimentary series. These coarse
beds are always sepalated from the Chugwate1 formation by a sandstone which
overlies the Pennsylvanian limestone in Wyoming, where I have designated it
the Tensleep sandstone. This sandstone is mostly a fine-grained regularly bedded
rock from 50 to 200 feet thick, varying in color from gray to red. I believe it to
be an important horizon marker. The most northern exposures that I examined
in Colorado were in Owl Canyon, which is a small branch of the Cache la Poudre
10001—No. 32-~05—6 ' '

el mF o

.west of the Rocky Mountains consist of similar rocks. The Hayden Survey -

a
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drainayze tha,t is followed b} the old main road. flom Denver to Laramie. The-
sectlon is approximately as follows - , -

.

-

Section of red beds at Owl Canyon, 17 miles nortim‘esi of Fort Collins,. Colo.

Gray shale and buif sandstone with. Juraqsm fossils. Feet
. Chugwater formatlon . L o .
Massive pale- red sandstone, partl y cross- bedde d ...... teteeann eeaaan 404 )
Red sandy shales with gypsum at.top and thm hmestones near bottom -... 200+
Gray limestone, in part thin bedded........ .; ............................ 5
Red sandy shales w vith seéveral beds of gypsum near bottom ..... e haeeaaa 120
Gray cross-bedded sandstone ... ..'-. Femeiiioas - _ R [P £
‘Red sandy shales with two thin layers of limestone -....... P ceeoen 150+ .
Pink sandstone moqtly fine gralned regular bedded (Tenwleep) S ee.. B0
Fine-grained light-gray limestone ...........t. ...l P el 20+
Reddish sandStone . - -« 2o nenen ieneeee e eeeeneaan e L 25
Fine- -grained nloderately light-gray hmeqt/one SO 15 A
-Reddish to buﬁqandstone.,-..-.‘.,.,..‘ ........ A SR 1]
 Limestone. .. .....oeeeeen - e il 8
" Coarse red sandstone with red shale. . .o ooooeioe .. SO i 150
“Coarse reddlsh and gray conglomerate..'..'.'.'._.'.-.L..........;_-..V.-.‘-...._.‘;‘ 100

" Granite,

The massive reddish sandstone at the top of the Chugwater formation in this .
section-is a feature which extends southward to beyond South Platte River. It
.is overlain uncomformably by.the marine Jurassic at the north* and by the
Morrison at the south. The. underlying series of gypsiferous red shales of the
Chugwater formation contains a local bed of coarse sandstone, which is unusual, .
and a prominent limestone horizon, whlch is believed to represent’ the Mlnnekahta
limestone of the region nor,t‘h. - As above stated, the 50-foot bed of pinkish sand-
stone-next below probably represents the Tensleep horizon. The underlying red™
beds contain the southern extension of the Pennsylvanian hmestones, which were

traced south to beyond Bellevww, where. they gradually thir out. .
_ In anothe1 section measured a short distance northwest of Laporte I found. tho
features to be very similar.to those given in the above section. The supposed rep-
" resentative of ‘the Tensleep horlzon is prominent, overlain by about 150 feet of soft -

. red shales on which there is a series of limestones 30 feet thick. - This series consists

_ of a bed of massive limestone at the base, then. red limestones and shales alternatmg, -
and at the top a 10-foot bed of limestone almost- premsely similar i aspect and-
relations to the. Minnekahta limestone of the Black Hills and at the north end of the
Laramie Mountams Above are several hundred feet of typmal red sandy shales
of the Chugwatm red ‘beds, surmounted by .60 feet of pinkish red sandstone, mostly
massive, extend1ng»t0'the\unconformlty;at the base of typical Morrison beds.. - Mid- -
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A. EAST END OF CASPER MOUNTAIN, SOUTHEAST OF CASPER, WYO.

Typical slopes of Tensleep sandstone 10 left, Red Beds come in to left over house; great fault above corral, where Pierre shate abuts against Tensleep
sandstone. Looking west.

B. VALLEY OF MUDDY CREEK, AT EAST END OF CASPER MOUNTAIN, SOUTHEAST OF CASPER, WYO.

Slopes of Tensleep sandstone on right; hogback of Dakota and associated sandstones on left. Looking south, up creek.
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way in the red shales below the limestone is a thin hed of gray sandstone, which
continues south from the Owl Creek Canyon section described above.

The ‘‘ red beds” in northern Colorado were first examined in detail by Mr. A. Mar-
vine, of the Hayden Survey. He states® that their thickness is from 2,000 feet to
possibly as little as 400" feet, and_ that they vary from coarse grits'and moderately
coarse sandstones, usually cross-bedded, to fine-grained and shaly layei's; the latter
are iijtercalated to some extent among the former and also constitute a separate upper’

".portion of the series. Dark red is the prevalent color, although light-red and yellow
layers are frequent. They lie on an irregular surface of granite and many of their

variations in thickness are due to the absence of the lowermost members, for theve - °

" is usually an overlap of the higher béds to the west and much lateral ‘overlap and
 variation locally. On Little Thompson Creek the following section is given :

Section of Red Beds on Little Thompson Creek, Colorado.

Feet.
Soft, rather massive, sandstone .. ... .. ... . oo il aa.. 100
Soft, red, shaly sandstone with cherty limestone near the base.............._.. 250
R . Massive red sandstone constituting the top of the principal inner hogback ..« ... 250
Soft, red, shaly sandstone. . e L 260
Soft, massive, red sSandstone . ... ... iii i ireeaaaa 110

Coarse granitic sandstones and conglomerates, white and red.......... ceeaas 125
Granites and schists. :

The upper 350 feet are placed by Marvine in the Jurassic and the lower portion
in the Triassic. The top member is a pinkish.and gray sandstone, a characteristic
' feature in the region west and north of Denver, everywhere unconformably overlain
by Morrison beds. The next underlying series, consisting of soft, red, shaly sand-
stones, are also characteristic upper Wyoming beds, including the limestone layers
near the base. This limestone was examined at several points in the region and found
to resemble very closely the Minnekahta limestone, a horizon which it is believed to
represent. The massive red sandstone in the middle of the section is strongly sug-
gestive of the Tensleep sandstone of the Bighorn region, except’ that it is reddish.
Generally it is parted into two or three prominent layers, with thin shaly strata.
It abruptly gives place above to the soft red shales of the upper Wyoming beds.
To the south the lower beds hecome heavier. Toward Lefthand Creek the series
“thickens slightly, the top member contains much yellow sandstone, the shales diminish
. in amount, and the lower beds are less conglomeratic, characteristics which continue
‘to Boulder. It is reported that chert pebbles in the lower red beds contain lower

Carboniferous fossils.”? ' A
There are extensive exposures of the red beds at Lyons, clearly illustrating the
stratigraphy. At the base, lying on the granite, are several hundred feet of coarse,

aSeventh Ann. Rept. U. 8, Geol. and Geog. Sury. Terr,, 1873,
bGirty, G. H., Carboniferous of Colorado: Prof, Paper U. S. Geol. Survey No. 16, 1903, p, 226.
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arkosic, red sandstones'with some gray mottlings and gray layers. These are capped
by 80 feet or more of fine, even-grained, pale-reddish sandstone, in part thin hedded,
which is extensively quarried. It weathers into ridges and is believed to represent
thie Tensleep sandstone of the Bighorn region. It is overlain by the usual soft, red,
sandy’ shales 'of ‘the typical upper Wyoming in the following succession:

Section of the Chugwater formation al Lyons; Colo.

Red and green “ioint clays” (Moriison). fect
Talus - oeeeeeeeiieeann e e e e et 25
Buff and yellowish-buff sandstone. ...o. ... .. . ... ... "30
Dirty red sandstone..._....... e e e e e 30
Redsandy shales . ... ... .l e 200+
Limestoue, thin-bedded (Minnekahta?) ... ... _....__......................... 15
Red shales or sandstone .. ... ... Ll 80

The thin-bedded limestone, which is very similar to the Minnekahta limestone of
the Black Hills and central-eastern Wyoming, yielded a few poorly preserved fossils,
which unfortunately afforded no decisive evidence as to the age of the beds. They
comprised a small gasteropod, supposed to be Natice or Naticopsis, and some small,
indeterminate pelecypods, which may be either Triassic or Carboniferous.

Tu the steep-dipping beds west of Boulder a thin bed of similar limestone occurs
70 teet above the top sandstone (Tensleep) of the lower Wyoming series, from which
it is separated by the usual series of bright-red sandy shales; it is overlain by gypsif-
erous red shales. The lower Wyoming ledges south of Boulder are shown in
Pl. XXXIV, A4, from a photograph by Mr. J. B. Walker. jr.

Marvine® gives the following— section at Bear Canyon, 3 miles south of Boulder:

Section of Red Beds at Bear Canyon, Colorado.

Shales, limestone, and sandstone (Morrison). Feet
’Soft, white, massive sandstone ... ... ... .. .. ..ii...o..o.....l 80
’ . [Soft, red, shaly sandstone ......................._..... .. 400
"Upper Wyoming { Limestone (Minnekahta?) .. .................___.__._..... 25
| Red shaly sandstone (Opeche?) .. ... _..__..... SO, . 200
Yellow granular sandstone, rather sgft (Tensleep?).......... 300

. Lower Wyoming { Hard, massive, red sandstones, with intercalated shales and
some conglomerates. ... ... ... ... ... . 800

Granite.

At Ralston Creek the yellow siliceous sandstone (Tensleep) is stated by Marvine
to be 125 feet thick, overlain by 100 feet of red sandy shales (Opeche?), 25 foet
of cherty limestone (Minnekahta?), and this by 150 feet of red sandy shales
(Spearfish?). On Bear Creek he reports a thickness of 900 feet for the basal

aSeventh Ann. Rept. U. 8. Geol, and Geog. Surv. Terr., 1575.



RED BEDS OF THE DENVER BASIN. 85

series, consisting of soft, red, massive sandstones, with some shales and conglom-
erates, 100 feet of yellow massive sandstone (Tensleep?), 150 feet of red sandy
shales (Opeche?), 25 feet of limestone (Minnekahta?), and 300 feet of red sandy
shales (Speartish?). On South Platte River, at. the mouth of Platte Canyon, the
supposed Minnekahta limestone is reported near the base (')f the upper Wyoming -
red beds.

“In the monograph on the o'eolooy of the Denver basin the red beds are
described in their extension from the vicinity of Boulder to south of Deer Creek.
They are termed the Wyoming formation and are divided into upper Wyoniing |
and lower Wyoming, as mentioned above, the latter lying directly on the granite
throughout, as in the region northward. The thickness is said to be. exceedingly
variablé, ranging from 200 to 2,400 feet in the lower series and 400 to 600 feet
in the upper, although the upper Wyoming disappears for a short distance near
Boulder and Golden. The variations in thickness of the lower division are due
mainly to the inequalities of the granite floor on which it lies, the thicker portions
lying in deep basins and the thinner portions where there is overlap of the
higheér beds up the slopes of these basins. At the granite contact at all horizons
there are usually hard coarse sandstones and conglomerates of moderately coarse
material, extensively cross-bedded. :

Succeeding the basal deposit there is a series of heavily bedded sandstones and
grits, with small local bodies of sandy shale. The normal thickness of this series is
‘about 1,200 feet, and its color varies from prevailing red to gray, the finer grained
beds being, as a rule, the most highly colored. Cross-bedding is a marked feature
from base to summit. Toward the upper part of the lower Wyoming there is a
transitional zone of lighter red and more quartzose sandstones; which is termiiiated
by a characteristic member of heavily bedded creamy-white sandstone from 200 to
400 feet thick (the supposed equivalent of the Tensleep sandstone). This member
usually forms a well-marked ridge 50 to 100 feet-high along the middle of the valley
of the Red Beds. Its lower half is less compact and often is more or less tinged with
- red in the irregular patches. Two small bands of dark-hrown quartzose limestone
from 2 to 8 feet thick are present, one near the base and the other farther up. The
intervening sandstone is heavily cross-bedded, and contains in some layers conglom- .
eratic pebbles in a matrix consisting generally of quartz, occasionally of an arkosic
nature, containing some brown or cherty limestone fragments,

Near the middle of the ““creamy sandstone” there is usually a conglomeratic
streak, but the materials become ﬁne grained above and consist of quartz of great
purity, which is extenswel_y ernployed for silica in the pottelv and fire-brick
establishinents at Golden. Toward the top some portions are conglomeratic and
disintegrate easily. ‘ :
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The upper Wyoming formation consists mainly of fine-grained sediments of
a bright-red color, the typical red sandy shales of the Red Beds of the Black
Hills, Bighorn Mountains, and southeastern Wyoming. The lower half of this
formation ‘‘consists of bright, brick-red, arenaceous shales and sandstones with
. intercalations of limestone. The limestone occurs within 75 feet of the base; usually
3 or 4 beds of it from 6 to 18 inches thick are in the lower 15 feet, and a hed 5 feet
thick .50 feet higher up, with red sandy shale intervening. -The upper bed is over-
lain by a bed of thin, wafer-like layers of white limestone and red mud, in all 5 or 10
feet; these present in cross-section a wavy structure with sharp contrast-of color and
texture. The surface weathers in delicate corrugations,”® this feature being also
present in the limestone-itself. Cherty concretions of purple color and: simall geodes
of calcite also océur. The.following analysis® of the upper Wyoming hmeJtone by
L. G. Eaklns, of the United States Geological Survey, is given:

Analysis of upper Wyoming limestone Jrom Morrison, Colo.

. . . B Per cent.
TAME, CBO -« o e e e e e e e e e e e e e anen 48.73
B o R C 2.9 .
Manganese 0Xide . .ol tan e e oaas .49
Aluming, ALO; - ooeoee e SO e e .53
Iron sesquioxide, Fe,Oq. ..o oo i iaaeaae- .38
Phosphorie acid, P,0; . o oo e iiiiiiiaiie .03
£ 1= 11
QCarbonic acid, COy - .o v e e et i e eieaeceeacaeeeeancemaannann 41.71
Ingoluble . ..o i iectteeccmmemaeaaeaadann 5.32
100. 25

The principal members above the limestones are red sandy shales, with the
“amount of sand increasing gradually in the higher beds. ‘“‘About 60 feet up are a
number of layers of fine-grained, compact, red sandstone, 2 to 6 inches thick, charac-
 teristically marked with white dots. A heavy-bedded fine-grained sandstone occa-
sionally appears-in this series, notably in the vicinity of Turkey Creek.”¢ Higher
up, or from 150 to 200 feet below the top of the formation, the strata become more
clayey and present a vallety of tlnts, gray, yellow, green, pink, and hlac while
gypsum and brown earthy limestones are common. The gypsum occurs in small
léns-shaped deposits, mainly in connection with limestones.. Near Morrison and
Deer Creek, at this horizon, there is a thin band of sandstone carrying white and red

~ grains of jasper-like material. S
The top of the upper \Vyormng beds ‘is marked by a sandstone 15 .to 23 feet
thick, varying from compact and massive to thin bedded and friable, of which the
lower 8 feet is usually brown, the middle 10 to 15 feet pink, and the upper 4 feet

aSeventh Ann. Rept. U. S. Geol. and Geog. Sury. Terr., 1873, p. 54. b Loe. cit., p. 56.-
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brown, all fine grained, delicately cross-bedded and ripple-marked. The stratum is
very distinct, especially at its contact with the overlying Morrison, which ‘‘is some-
'what undulating, apparently the line of an unconformity, or at least of interrupted
deposition.” ¢ A typical section at Morrison is given as follows:?

Section of Wyoming formation at Morrison, Colo.

UPPER DIVISION.

. . Feet.

Sandstone, fine.grained, often massive, pink and brown; persistent... .. ‘ 15-25
Clays, bright colored, gray, yellow, green, pink, and lilac; gypsiferous and ’

calcareous, especially at 40 feet below their summit -................ 125-175
Clays, more arenaceous than above; transitional in color, from grays ‘

‘above, to prevailing brick reds below ... ... . .. . ..iiiiil.... 150-200
Sandstone and shale, alternating; brick red to pink; white do'ts; sand-

stones prominent. . .. ... ... ool i 50
Sandstones and shales .. ... . ... L. " 60
Shales, sandy and argillaceous, brick red, carrying narrow bands Btob

feet thick) of white crystalline limestone. .. ......................... T

LOWER DIVISION.
4

“Creamy”’ sandsione; quartzose; cong]oxﬁeratié at base; two sandy lime-
stone bands in lower part; round ferruginous concretions near top;
forms prominent outcrop in valley between Archean and Dakota
(average 250 feet) ..o teoe e aaaas eens 200-400
Red Beds; conglomerates, sandstones, and shales, the last of minimum
development; color, red; outcrops, lofty spires and pinnacles and tow-
" ering magses of irregular Shape. . -«.....ooiioioioiiiiiiiiiiiiiio.. 270-2,000

. Some features of the Red Beds of the Morrison region are shown in Pl
XXXII1, which are reproduced from photographs by Mr. J. B. Walker, jr.

T visited the M6rrison<locality in 1901 in order to compare this section with
those in the Black Hills and Bighorn Mountains. ' 1 found the ¢ creamy sandstone”™
series strongly suggestive of the Tensleep sandstone of the Bighorn Mountains and -
of the top sandstones of the Minnelusa of the Black Hills. The overlying red
shales begin abruptly, and they are very closely similar to the Opeéhe in aspect
and relations. The limestone bands have the character of the Minnekahta lime-
stone, especially the upper bed, which is 5 feet thick and lies, as stated by Eldridge,
70 feet above the ¢ creamy limestone,” a position similar to that of the Minnekahta
limestone in the northern part of the Laramie Range in eastern Wyoming and
. elsewhere north and west. A careful search: for fossils yielded a few indistinct
. forms similar in appearance to the Bakewellia of the Minnekahta limestones of the
Black Hills. The overlying red sandy shales with gypsum are very like the

aSeventh Ann. Rept. U. 8. Geol. and Geog. Surv. Terr., 1873, p. 56, . b Loc, cit., p. b2.

~
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Spearfish formation of' the region north. The pinkish sandstone at the top,.under-
lying the Morrison, is the same as the top member at other localities {101‘th.

Peale® and Marvine? have described some features of the red-bed exposures
on South Platte River at the mouth of the canyon. The basal heds lying on
the granite consist of coarse, white and red mottled sandstones, overlain by finer
grained red sandstones, in all 1;500 to 2,000 feet thick, capped by 600 feet of
white sandstone corresponding to the ‘‘creamy sandstone” of Eldridge (Tensleep
sandstone). This member has reddish bands 4 to 6 feet thick separating the
white portions into bands 20 to 30 feet thick, in part conglomeratic. The upper
Wyoming red heds are not well exposed, but are reported to contain a layer of
compact red limestone near their base and thin Tlimestones and limy shales
higher up. The beds dip east-northeast at an angle of 65°. .

Doctor Peale hds given a section similar to that on p. 87 for Willow
Creek, and Eldridge ¢ has supplied some details regarding the succession of lime-
stones in the upper Wyoming beds in that vicinity. He says: “There are four
distinet layers of limestone, one lying immediately on the ‘creamy sandstones,’
and the others 30, 60, and 70 feet above. All are white and crystalline. The
lowest is 14 feet thick, without banding, and has an angular fracture. The
second is 2 feet thick, gray, faintly banded. The third is 2 to 4 feet thick,
" banded and cherty. The fourth is 10 feet above the third limestone, the two
being united by intervening banded lime and shale beds. The upper layer is
banded faint purple and white, and is overlain by strata of lime and red clay.”

For Perry -Park (formerly Pleasant Park) on Beaver Creek there are sections hy
Doctor Peale? and Mr. W. T. Lee.* Doctor Peale’s section is as follows:

Section of red beds, etc., at Pleasant (Perry) Park, Colo.

Thin Hinestones (at base of Morrison probably). yeet
L 3 T U o TR 81
Slopes with few outcrops of thin limestone beds, four in all, averaging 4 feet

thick (probably in red shales) - ..o, ot it i 461
Mottled yellow and red sandstones, light colored above, mottled reddish below. .
Massive red sandstones. ... ....oo it i i ia il et 1,500

Slope apparently underlain by red sandstones..............o..o.o... . ...

Coarse white sandstone, loosely cemented in upper part; bands of red sandstone
varying from 1 t0 3 feet thick.......ovoeeamieoeeniianaaeianns ST 80

Swiall outerop’ of lmestone with chert pebbles and fossils (Zerebratule and
Spiriferina) overlain by purplish sandstone and gray sandstone ............

Irregular hed of limestone with pebbles of g‘reer_lish chert and Hmestone ...._.

Red calcareous sandstone, very hard, and with cross-bedding thin layers .....

a8eventh Ann, Rept. U. 8. Geol. and Geog. Surv. Terr, for 1873, by F. V. Hayden, p. 195,
b1bid., pl. opposite p. 93.

‘ cGeology of the Denver basin in Colorado: Mon. U. 8. Geol. Survey, vol. 27, 1896.
dIbid., pp. 197-199, and PL II. :
e Am. Geol,, vol. 29, 1902, pp. 97-98.



U. 8. GEOLOGICAL SURVEY PROFESSIONAL PAPER NO. 32 PL. XxXII

A RED VALLEY AT MORRISON, COLO.

Lower Wyoming red sandstones in foreground; valley of soft Chugwater red beds, with gypsum, in middle-ground; hogback of east-dipping Dakota
sandstone, with Morrison-shale slopes, in center and left. Looking south. Photograph by J. B. Walker, jr.

B LOWER WYOMING RED CONGLOMERATIC GRITS IN GATEWAY OF “GARDEN OF ANGELS,” NEAR MORRISON, COLO.

Showing rock texture and massive bedding. Underlying granite in distance. Photograph by J. B. Walker, jr.
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4. LOWER WYOMING RED BEDS LYING ON GRANITE IN FRONT RANGE OF ROCKY MOUNTAINS, JUST SOUTH OF
BOULDER, COLO.

Showing steep dip and massive character of rocks Looking southwest. Photograph by J. B. Walker, jr.

B. GATEWAY TO PERRY PARK, COLORADO.

Nearly vertical lower Wyomirg red grits; cliffs of ** Dakota sandstone " surmounting slopes of Morrison formation in distance. Looking east.
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~

Compact red sandstone in 1-foot layers veined with caleite. .. .. ... . ... .... Feelt5
Dark-purplish cherty limestones ... ... .. ... . . .. .. ... 3
Red limy sandstone~ ... ... . ... .. ...l.. A 4
Very coarse white sandstone lying on granite . ... .. ... ... ... ... ..... 80

The 80-foot bed of coarse, loose sandstone in this section is regar ded as the same
as the basal member in the Platte Canyon section, where the undellymg 114 feet of
beds of the Perry Park section are thought to be absent. The upper red beds,
including the 81-foot bed of gypsum, are stated to have a thickness of 542 feet, an
estimate which probably is too great. The lower limestone in this upper series
strongly resembles the Minnekahta limestone and has the same stratigraphic relation
in lying near the base of the upper Wyoming and in being separated from‘the gray
sandstone at the top of the lower Wyoming (Tensleep apparently) by red shales
corresponding to the Opeche The heavy gypsum bed at the top of the tormation
extends for several miles, but varies greatly in thickness. .

Mr. Willis T. Lee obtained fossils from the limestone near the base of the
Perry Park section, as follows: Orthothetes inequalis, Spirifer centronatus, Spirifer
sp., Spiriferina solidirostris (1), Seminula subquadrata (1), Oranzena n. sp., Myarina
arkansasana, Aviculopecten sp.—a fauna vegarded as lower Carboniferous and prob-
ably of its middle portion. This limestone is an outlier of the Millsap limestone-
of the region farther south. Mr. Lee describes, at the base of the formation, 40
feet of coarse-grained crumbling sandstone, conglomeratic in places, and mottled in
varving shades of red and gray, a member which may be older than Carboniferous.
Above this sandstone is a series 10 to 15 feet thick of deep-red to white, cherty
limestone in layers alternating with red shale, and .near the top is the layer yielding
the fossils. Abeve are several hundred feet of coarse-grained sandstones and con-
glomerates in conformable succession. ‘‘They are colored irregularly in various
shades of red and gray to an extent which gives the series a conspicuous mottled
appearance.”® (Gray predominates toward the base and the amount of red color
increases toward the.upper portion of the formation.

In the extensive e;(posures which are to be seen in many places in the vicinity
of the ‘Garden of the Gods some of the stratigraphic features present considerable
variation. The basal limestone, with Ordovician fossils, is succeeded by gray,
purplish, and yellowish limestones from 200 to 300 feet thick, in the upper beds
of which M. A. W. Grabau has found Carboniferous fossils, presumably Millsap.

‘These limestones are conspicuous about Manitou, especially in Williams Canyon,
. and extend north to beyond the Garden of the Gods, where they appear to abut -

against the granite and are overlapped by the overlying lower Wyoming sandstones."
Five miles north of the Garden of the Gods the lowest pink limestones, containing
Ordovician fossils, are overlain by a massive gray limestone, which, in turn, is

«Lee, W. T., The areal geology of Castle Rock region: Am’ Geologist, vol. 29, p. 97.
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succeeded by a limestone breccia str onglv suggestlve of ‘unconformity. The lower
Wyoming sandstones have a thickness of 1,000 feet or more, and are coarse
grained, massive, often cross-bedded, and predommdte]y red. They give rise
to the picturesque -features of the Garden of the Grods, the “(Gateway,” which i's.
. shown in Pl T {(p. 21), marking the outcrop of the uppermost, hard, red stratum.
Next above there are some softer. striped-red sandstones about 100 feet thick, not
well exposed at thé ‘Gateway, and then the white sandstone bed, which outcrops
in the sharp low ridge in the middle-ground of the picture. This bed is about 100
feet thick, moderately fine grained, massive, and cross-bedded, and almost surely .
répresents the ** creamy sandstone ” of Eldridge at the top of his lower Wyoming.
- As hefore explained, the occurrence of this lighter colored, finer grained sandstone .
at this horizon is general along the foothills of the Rocky Mountains from Manitou
‘north and in the Laramie Range, Black Hills, and Bighorn Mountains, being the
Tensleep sandstone in the Bighorn slopes. Near the Garden of the Gods it is
similarly sncceeded abruptly by soft red shales, inc]uding, near the base, thin lime-
stones believéd to represent the Minnekahta limestone and gypsum deposits ahove,
and extending to typical Morrison shale. This upper series of red shales, limestone,
and gyps'um undoubtedly is equivalent to the upper Wyoming of Eldridge. At its
base, overlying the white sandstone, are 55 feet of soft red shale, and red clayey

sandstone (Opeche horizon), a series 25 feet thick of thin limestone layers with red
shale intercalations (Minnekahta), and 30 feet of red shales surmounted by a 30-foot
bed of gypsum overlain by Morrison shales. The following section was measur ed a
‘short distance north of the Gateway to the Garden of the Gods:

Section of upper Red Beds between the Gateway of Garden of the Gods and Glen Eyrie, Colo.

Feet. M
Shale and clay (Morrison).
Gypsum.......... S mmmme . 30
Red shales _. ... .. . i .. L.l 30

Upper Wyoming beds. . . Limestone_......__.'__.. """"""" } , , { s
] ) . “|Red shales with thin limestones. (Dllnr—lekahta) ... 22
Limestone, purple, thin layers... 1
. ) Soft red shale ar}d sandstone ..._..__..__..._... .z.2. BB
Top of lower Wyoming—massive, white sandstone (Tensleep).

To the south the two series of Red Beds preserve the same general features
to the foot of Cheyenne Mountain, but there are local variations. At the Gateway
the 30-foot bed of gypsum is a conspicuous feature, as shown in the foreground
in PL I; there is another thin bed a short distance below its base. Just belo{vg
the Gateway these beds are offset and. twisted, so that they are locdlly deflected to
some distance west of the general line of strike. On the roadside south of the
Gateway are very coarse cross-bedded materials in the upper part of the lower
Wyorﬁing formation, giving .place abruptly to the fine-grained red sandstones and
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CATHEDRAL SPIRES, GARDEN OF THE GODS, COLORADO.

Vertical strata of lower Wyoming red grits. Looking north.
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red gypsiferous shales of the upper Wyoming, all vertical or dipping steeply east- .
ward (Pl. XXXVI). )
In a railroad cut at Colorado City the following ‘section is exposed:

Partial 9ectwn .of Red Beds ut_Colorado City.

Feet,
Sandx shales, etc. (Morrison). .
Talus -and red beds. . oo o e eeiaaaan 50
Impure gypsum ... ... ... ... et eceeeeieaiieeeaaaaaan 5

Red shales and soft sandstone with 3 feet of thin beds of gypsum near top.. 60
Soft, massive, red sandstone..-..........-..‘.....-..........7 ............ ... b

The section consists of upper Wyoming red beds, except perhaps the basal ’
member, which may possibly be the upper part of the lower Wyoming: division.

When the Red Beds next appear, southwest of the village of Fountain, after
- the -first one or. two miles they are seen to .consist almost.entirely of coarse-
grained materials without the uppermost gypsiferous red shales, and are overlain
directly by -Morrison beds. This coarse series, or the entire Red Bed succession
of this region, was designated the Fountain formation by Cross, a name which
has been employed by Gilbert in the region still farther south. It lies uncon-
formally on Millsap limestone and overlaps widely on the granite and schist.
The coarse red grits and sandstones in the Garden of the Gods region are pre-
cisely the same as ‘the typical Fountain formation and, special investigation in the
field atfords no suggestlon but that the Fountain and lower Wyoming formations
represent the same period of deposition. They are alike in character, represent-
ing the same conditions as to origin; they are similarly underlain unconformably
by remnants of Millsap limestone; and thexe is not the slightest evidence that
they overlap.

The Fountain formation in the region extending from southwest of Fountain -
> to Canyon consists mainly of coarse-grained, crumbling, 'arkdsic sandstone in
massive beds, usually cross-bedded. Many conglomeratic streaks occur, and a basal
conglomerate often appears, notably on the road northwest of Canyon where it lies
on an eroded surface of Mlllqap limestone. The beds are plomlnently reddish, but
some are gray and others are mottled gray and red. Finer grained materials often
occur, which are nearly all of a bright - brownish red color. The thickness is
estimated at 1,000 feet, but varies con81de1ablv Nearly everywhere the formation
" is separated from the granites and gneiss by limestones of Ordoviﬁc.ian -age, but.in

. places it overlaps the crystalline rocks, and in some localities the underlying lime: .

stones are faulted out. In the vicinity. of Canyon, and at a small locality on -
Cripple Creek, at the head of Garden Park, the underlying Millsap limestone
appears. It is a thmly bedded, varlewated dolomltlc limestone, with a few thin
sandstone layers; and in its upper portion there are chert nodules which carry
Spirifera rockymontana and Athyris subtilite, lower Carboniferous (Mississippian)

.
©
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forms. This limestone outerops again on the slopés west of Beulah, 25 miles south-
west of Pueblo, as described by Mr. Gilbert. In this locality its thickness is 200
feet, and it consists of gray and purplish limestones, with some shale in its lower
part. Spirifera rockymontana occurs near its middle. .

In the region southwest of Pueblo the Fountain formation, as measured by
Mr. Gilbert, is 2,100 feet thick, but to the south it thins out and is absent for some
distance along the foot of Greenhorn Mountain. At the south end of this mountain
appears a similar series of rocks, which Mr. Hills has named the Badito formation.
It comprises an upper meémber about 100 feet thick, generally massive or thick
bedded, but sometimmes shaly on the weathered surface, corresponding to a part
of the Fountain formation. The lower member consists of about the same thickness
of very coarse conglomerate of a brownish red color. To the south this series
appears again in the Culebra Range, where it lies on the granites and gneisses and has
‘a great thickness. The Carhoniferous limestones appear again on this range about
La Veta Pass and extend southward into New Mexico. This area swas described
in considerable detail by Mr. Endlich, of the Hayden Survey, who mapped the
lower portion of the series as lower Carboniferous, and several thousand feet of
overlying heds as upper Carboniferous.

In 1902, Mr. Willis T. Lee ¢ collected fossils and made a section soubhwest of
Spanish Peaks. These fossils, obtained mostly from the lower hundred feet of the
series, were identified by Dr. Stuart Weller and found to be upper ‘Carboniferous.
The species were us follows:

Zaphrentis sp. undet. . Bellerophon montfortianus N. & P.
Orbiculoidea convexa Shum. Bellerophon sp. undet.

Orbiculoidea missouriensis Shum, Rotella verrucelifera White.

Chonetes mesoloba N. & P. Soleniscus brevis White -
Productus longispimfls Sow. Soleniscus sp. undet.

Productus costatus Sow. Co Sphxrodema texana Shum.

Productus cora D’Orb. ' Spheerodema sp. undet.

Spirifer cameratus Morton. - Trachydomia wheeleri Swall. var.
Spirifer rockymontana Marcou. Naticopsis altonénsis McCh.
Reticularia perplexa McCh. ‘ Naticopsis altonensis var. gigantea M. & W.
Seminula argentea Shep. . Pleurotomaria perizomata White.
Aviculopecten carboniferns Stev. " Pleurctomaria (sevéral species undet. ).
Astartella concentrica McCh. " Murchisonia copei White

Nucula ventricosa H. o Orthoceras sp. undet.

Nuculana bellistriata Stev. . Syringopora sp.

Bellerophon percarinatus Con. - Campophyllum torquium Owen.
Bellerophon carbonarius Cox. . Straparolus catilloides Con.

aLee, Willis T., Note on the Carboniferous of the Sangre de Cristo Range, Colerado: Jour. Geol., vel. 10, 1902, pp,
393-396.

e
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Several othér fossils were found in loose fragments, which were—-

Derbya crassa M. & H. .. Bellerophon (large sp. undet.). ’
‘Hustedia niormoni Marcou. Temnocheilus winslowt M. & 'W.
Allorisma subcuneata M. & H. Phillipsia sp., large fish spine.
Schizodus wheeleri Swall. T

The following section iz given by Mr. Lee: .

Section at crest of Culebra Ranye, between Middle Fork and North Fork of Purgatory River, Colorado.

Yeet.
Hard quartzitic conglomerate ..~ ......... . ..... e, e e an 10
Dark shale ..o e e . 5
Limestone, fossiliferous.. ... ... .. L.l .. 2
" Red sandstone, with bands of red shale and irregular masses of limestone. ... ... 12
Greenish argillaceous sandstone _....... .. . ... ... iliiiieiiiiieiio.. 4
Pink sandstone, argillaceous above, conglomeratic below....................... 18
Fossiliferous limestone ....... e e et eeeee ettt -4
Deep-red sandstone, conglomeratic at the base, shaly near the top. ... ......... 10
" Limestone, arenacevus near the base ............... et 20
Massive light-colored grit, coarse and conglomeratic................ ... s 13
Banded sandstone and limestone intimately commingled. The limestone is ofterr
in more or less rounded masses. Irregular beds of gra\;el occur in places...... 6’
Nodular limestone ... .. .. . 3
Massive limestone. ... . .. ... . ... ... L e 8
Shale, with limestone nodules. . ... ..o oo, ... 3
Massive limestone.......... N 23
Coarse sandstone, conglomeratic in the lower half_ ... .. . .. .. ... ... . .. 20
Massive grit (local unconformity)........... e 8 -
Calcareous ghale, passing to black shale, with limestone nodules near the top... 10
Fossiliferons limestone, with sandstone layers; cup corals abundant ............ 15
Massive limestone .. ... ... e ettt et 6
Shiale L i 8
COAISE @ITU o o et e e et o2
Sandstone, with large nodules and irregular masses of limestone.. ... ... ._. 10
Shale, with bands of sandstone and limestone. . ........ ... ... ... .. ... 25
Banded Jimestone. . ... ... e et 4-12
Soft black shale, fossiliferons .........._..... e e e 28
Coarse grit. .. ..o it 9
Black shale. .. ... e ettt e 6
Coarse grit, conglomeratic it PlACes .. ... ... oveeeemmmoroiriieaanne .. 2220
" Dark shale, with limestone nodules and thin seams’of sandstone; runs to massive
limestone in places; becomes red and arenaceons near the base ........ JOT 15
- Coarse grit .................................................................. 7
Dark:red shale, with nodules and irregular masses of limestone ............z... 10
Limestone. oo c.oaemie i aa e eaaaaaas 4
Red to black micaceous éha]e, with bands of sandstone near the base and lime-
stone nodules near the top_. ... ... . . ..olL. s 12
Coarse grit .. .. .o . il et 10
Red grit and conglomerate . ... ... el ?
Crystalline rocks of the mdéuntainsg, o
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A small collection of fossils was also obtained from the western slope of La Veta
Pass, 5 miles above Placer, in a sticcession consisting of sandstones, limestones,
shales, and COnglomemtes similar to those above described. The following upper
Carboniferous forms were found i in this locality:

Zaphrentis sp. . Seminula argentea Shep.
Orbiculoidea sp. ' " Hustedia morméni Marcou,

Derbya crassa M. & H. . - Avmulopecten occidentalis.

Chonetes graﬁulifera Owen. . Astartella concentnLa McCh.
Chonetes mesoloba N. & P. Schizodus wheeleri, Swall.

Productus nebrascensis Owen, o Bellerophon percarinatus Con.
Productus costatus Sow. o Bellerophon inspeciosus White (7).
Spirifer cameratug Morton. . . _ Soleniscus sp. :
Reticularia perp]exa MeCh. ' Orthoceras sp.

Mr. Lee did not observe the Millsap and undellymg llmestones in the (/ulebla
Range, although possibly there may be small outliers of them in p01tlons of the
range which he did not visit. The strata ovellymg the section given above consist
of several thousand feet of red and gray sandstones, mostly coarse, extending to
the base of -the Morrison formation, and representing the Fountain’ series;

In the canyon of Cucharas River, near the n01th line of Huerfaro County, the
upper portion of the Red Beds is exposed, being here termed the Badito formation
by R. C. Hills. - At.Red Rocks in the canyon of the Purgatory, in the northern
portion of Las Animas County, there are extensive exposures of the Red Beds and of
an overlying bed of ‘gypsum, which appears to ‘belong with them. Several hundred
feet are exposed, consisting at the top under the gypsum of a coarse, cong'l(;meratic,
massive, red sandstone, which merges downward into niore regularly stratified red
sandstones, with oceasional layers of sandy red shales. In the uppermost sandstoneb
I found a small bone fragment, apparently a portion of a shoulde1 blade of a bolodont
which suggests that the formation is of Triassic age.

Mr. W. T. Lee® has published also the following section:

Partial section of Red Beds in Plum Canyon, near Purgatory River, Lns Animas County, Colo.

[y

Two massive sandstones with clay between (Dakota)......._.. s 140

Variegated shales with thiu limestone layers (Morrison)...«......_......... 85

Dark shales ‘with irregular masses of gypsumn ... ... ... ... ... ... .. 15

'vasum with streaks of clay..._..... . S 13 *
" Variegated shale with much gypsum in masses up to a foot in dlameter ..... 8

Gypsum in layers sometimes separated by layers of clay el T 25

Massive gypsum ... i 5

aWalsenburg district:” Géologic Atlas U, 8., folio 68, U, 8. Geol. Survey, 1900.
bMorrison formation of Colorado: Jour. Geol., vol. 9, 1901, p. 346.
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@ . Feet.
Red gypsiferous shales, soft and _regularly bedded........ ..ol ... 3040
. Red calcareous sandstone, oohtlc, cross-bedded, layers variable in thlckness
and: character, shaly near top, grading into gypsiferous shales ............ 60 . .7
Red sandstone, massive, cross-bedded .__......... ceieeaeeaeaas e 175--200
" Red arenaceous shales. ..................... et iceaann 6
Red sandstone ... ... ... i 1
Fine red shale ........ e 4
Even-bedded red-sandstone. . ...~ .. ..ol DS 9
Red arenaceous shale L 2
Red sandstone, cross-bedded P e FU s - 40
Loose red sandstone alternating with shale ...................... e . 15
Massive red Sandstone. . . oo oeieie oo i SR 5-
Soft red sandstone containing ripple-marked hérd‘layels .......... et 30
White, hard, argillaceous limestone, thin layers, contorted .........._...... 4
Red sandstone to river bottom._._ ... . ... .. .0 ..l .. S, : eilees 15

The conelatlon of these Red Beds w1th the Wyommg formatlon is. reasonably

~certain when their cha,la,ctex and relations are- considered; apparently the upper

gypsiferous. series represents. the - upper Wyommg They -underlie a wide area in

- southeasbeln Colorado and have been penetrated by some of the wells. The well-

at La Junta Ieached them at 605_feet and continued in them to 1,150 feet. The
well at Bloom penetrated them from 400 feet to 1,162 feet without 1each1ng their
bottom. They also appear in some of the deep canyons south of the west end of
Mesa de Maya, but.their character.in that region was not ascertamed.;

The Red Beds are exposed in an area of about 3 square miles in the Two.

Buttes uplift on Butte Creek, in PI‘OWelS and Baca counties. They are..described
by Mr. G. K. Gilbert,* who estimates. that over 600 feet are exhibited. The

lowest beds are sandstones and shales, the latter predominating somewhat. Some.

of the beds are orange or yellowmh These are overlain by white limestone 5 to 10

feet thick, which I found to be very like the Minnekahta limestone in its thin-

bedded character and general aspect in the outcrops. It .is overlain by brick-red
shales about 150 feet thick, becoming sandy at the top'and merging into a massive
red sandstone more than 300 feet thick, which forms prominent bluffs along the
creek and caps the butte that was uplifted by the laccolitic intrusion of igneous

rock. At one place this sandstone is pa,rted by 40 to 50 feet” of shale. Parts of

the sandstone are buff, yellow, or gray, somewhat 1esembhng Dakota sandstone, for

. which it has been mistaken here and elsewhere. It is, however, separated. from the
Dakota by typical Morrison, shales and probably represents .the Exeter sandstone
of Mr. Willis T. Lee, which appears extensively along ‘Cimarron River to the
south. No fossils were discovered in any of the rocks, ) ‘

« Gilbert, G. K., Laccolites in southeastern Colorado: Jou'r.'Geol‘, vol._4,’ 1896, pp. 816-825. .
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The Sundance formation extends only a few miles into Colorado from the
northward, finally thinning out. Doctor Hayden® discovered fossils, ** Ostren and
fragments of Pentacrinus asteristicus on Boxelder Creek in yellow "sandstones
and clays,”‘ with scattered layers or nodules of limestone. He suggested that
the limestone sometimes found at the base of the Morrison may be a representative
of the marine Jurassic, a suggestion based on its similarity in character and relations
to a limestone on the Laramie plains which contains Apiocrinites. As these lime-
stones characterize typical Morrison beds where the marine Jurassic is represented,
I feel certain that those in the Front Range are all of Morrison age.

CRETACEOUS.

Morrison formation.—This formation extends along the entire Rocky Mountain
front through Colorado, outcrops frequently, and presents very characteristic
features. In a few localities it is cut off by faults or locally buried under
overlaps of younger formations. It is also exposed in some of the canyons
.eastwa'rd, notably in the deeper ones of eastern Las Animas County and in the
Two Buttes uplift. Its general character is °nearly uniform throélghout, heing a
series of light-colored massive clays, or “joint clasrs,” with thin beds of limestone
and sandstone of fresh-water origin, containing bones of saurians of the so-called
Atlantosaurus fauna. Tts thickness averages less than 200 feet in most cases. It
presents frequent and rapid variations in the local succession of beds, but the
predominance of joint clays of chalky aspect and the occurrence of maroon and
purplish layers among them are characteristic features. The name Morrison was
given by Eldridge, from the town of Morrison, where the formation is eitensively
developed. ) .

South of the. end of the marine Jurassic deposits (Sundance formation) the
Morrison beds lie unconformably on the upper Wyoming or Chugwater formation
for many miles, and, southwest of Colorado Springs, overlap the red grits of the
Fountain and Badito formations. In eastern Las Animas County they lie on a
bed of gypsum. Mr. W. T. Lee has traced them into western Oklahoma and
found that they either merge into or are displaced by lower Cretaceous marine
beds, containing fossils of Comanche age, an observation which I have found
verified on Butte Créek, east of Two Buttes, in Prowers County, Colo.

The saurian remains which have heen obtained so abundantly from the
Morvison beds west of Denver and north of Canyon are regarded as latest Jurassic
by some paleontologists and earliest Cretaceous by others; but, from the strati-
graphic relations of the formation to the later Comanche, it is preferable to class
them even later in the lower Cretaceous.

aHayden, F. V., Third Ann. Rept. U. 8. Geol. and Geog. Surv. Terr. (for 1869), p. 119.
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The Morrison beds in the foothills of the Rocky Mountains‘in northern Colorado
were described by Marvine as a varidble series, consisting of variegated shalés,
sandy shales, siliceous shales, and soft, white, massive sandstones, with several thin
layers of limestone. The thickness indicated is less than 100 feet, and the heds were
classed as Jurassic, together with the underlying gypsiferous red beds (upper
Wyoming formation). 'The basal unconformity is one of widespread planation,
with local shallow channeling, but no perce'ptible discordance of dips. In a section
measured northwest of Laporte 1 found the following beds:

Geologic section of Movrison formation northwest of Laporte, Colo.

Dakota ....Coarse sandstone, with conglomerate at base. “ : Feet

° Gray massive shales, with thin limestone bed about 20 feet below
" Morrison.. .top T oot Tt 80
Limestone, gray, with algee.. ... ... .. ...l 6
Sandy shale, reddish to buff, partly massive. .. ........... BT 20
. Pinkish and buif sandstones at top of Chugwater formation,........ 60

The basal, reddish, sandy member of the Morrison at this place is an unusual
feature in Colorado, and may ' possibly belong to the Chugwater formation; more
likely, however, it consists partly of deposits derived from that formation, a feature
occasionally observed along the southern portion of the Black Hills. The 6-foot
limestone layer outcrops in a prominent ledge. The only fossils observed are .
many alg# in one of its lower layers. The basal sandstone somewhat suggests a bed
often seen at the base of the Sundance in Wyoming. Along the creék and ditches
east of Lyons there are excellent exposures of the entire series, having the very
unusual thickness of about 420 feet and consisting of the following beds:

N o
Geologic section of Morrison formation east of Lyons, Colo.

‘Dakota . ...Sandstone, hard, massive, buff, Feet
R Olive-green massive shale, with some sandstone layers ............. 150
“|Light grayish-green, massive shale. ... ... ... . ... ... . ... 30
~ Soft to hard gray sandstone, fine grained........_... U, 15
s . Red, maroon, and green massive shale. ... ... N .. 150
Morrison. . R =
Massive buff sandstone, moderately fine. ... ... ... ... .. ... 10
Grayish-green to maroon massive shale, with thin layers of ® fine-
- | -grained sandstone...... ... ool it 40
COVETRA « . vt et e ee et e e e aaas 25
~ Soft buff sandstone on Chugwater formation...................... 30

The typical Morrison formation in the region west of Denver has been defined

hy Eldridge « as consisting of fresh-water marls, having an average thickness of 200
feet, the amount varying somewhat. Its 11pper':1"ih1-i~t~is sharply defined by the
" Dakota sandstone, while the brown and pink sandstone. regarded as the top member

aEmmons Cross, and Eldridge, Geology of the Denver basin, Mon. U. 8 Geol. Survey, vol. 27, 1896, pp. 61-62.
10001—No. 32—05——7 |
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of the upper Wyoming, clearly marks its lower limit. Mr. Eldridge’s description
of the formation is as follows: l K

“The marls are green, drab, or gray, and carry in the lowér two-thirds numen-
ous lenticular bodies of limestone of a characteristic drab color and a texture compact
and even throughout. A small but persistent band of sandstone and limestone in
thin alternating layers occurs about 20 feet above the base; in some places the arena-
ceous elements largely predominate, and near Mount Vernon, 3 miles north of
Morrison and in the vicinity of Van Bibbér Creek, there are at about this horizon
from 10 to 15 feet of dull-gray or yellowish sandstones carrying small pebbles of
flint of various colors. :The clays of the lower two-thirds are remarkable for their
reptilian remains.

‘“The: upper one-third of the formation is generally a succession of sandstones
and marls, of which the former predominate; locally, however, either may prevail
to almost the entire exclusion of the other. The most important sandstone occurs
just above the lower clays, is very persistent, and from contained saurian remains
has been called the Saurian sandstone. It varies in thickness between 5 and 35 feet,
and in its distance below the Dakota from 10 to 125 feet, although more generally it.
lies 50 to S0 feet below. The chief constitutent is quartz )

*“ The sandstone is everywhere narked with small rusty dots, round and sharply
defined, one-sixteenth to one-fourth inch in diameter, the result'of spherical stains of
brown oxide of iron; occasionally the appearance is one of irregular mottling. The
sandstone is locally divided into several layers by narrow-intercalations of drab clay.
" In the vicinity of Turkey Creek these clays reach the unusual thickness of 20 to 30
feet, the sandstones aggregating about 20 feet. The bed may be locally calcareous,
especially in "the northern half of the field, the lime being uniformly distributed
throughout the mass. At the base is crenemlly a conglomerate having a maximum
thickness of 8 feet, in which the pebbles so closely resemble those of the Dakota that
but for a slight admixture of red jasper and the characteristic brown dots the
two layers could with difficulty be distinguished from each other. The shales over-
lying this sandstone are similar to those comprising the bulk of the formation, but
carry through them.a number of minor sandstones and occasionallysone or two
strata of limestone. ‘

““A variation in the Saurian sandstone occurs in the vicinity of Van Bibber
Creek, which, on account of its determinative value in connection with the structural
features about Golden, is of considerable importance. The bed is essentially a sand-
stone, but is divided into minor layers by bands of hard white clay from 1} to 2 feet
thick. Occasmnally the clay also is specked with rust spots, and upon becoming
coarser grained is dnectly identifiable with the mottled or specked sandstone
described above.. It is also sometimes conglomeratic. - -

“The cause of the variation in the thickness of the upper half of the formation
could not be determined from conditions existing in the Denver field, but an
of’c-suggebted uncOnfornutv at the -base of the Dakota may be the etplana’mon

Doctor Peale xefers to some features of .the Morrison formation in the district
between South Platte River and Colorado City, and Mr. Lee mentions its occurrence
in Perry Park. It is well exposed a short distance north of the gateway to the

o
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A. TWO BUTTES, SOUTHWESTERN PROWERS COUNTY, COLO.

Exeter sandstone, uplifted by a laccolith; adjoining plain covered by later Tertiary deposits. Looking south.

N ot

B. BONE-BEARING SANDSTONE IN MIDDLE OF MORRISON FORMATION, IN GARDEN PARK, NORTH OF CANYON, COLO.

Photograph by I. C. Russell.
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Garden of the Gods, Whele I found its thickness to be 130 feet. The basal beds here
Tie on the thick deposit of gypsum at. the top of the Chugwater for matlon and consist
of ash-gray massive shales with several thin limestone layers and a few streaks of
. shales with clay pebbles. These grade up into typical, pale-greenish and maroon,
massive clays with a few thin layers of fine-grained light-colored sandstone
abruptly overlain by coarse-grained buff-colored Dakota sandstone.
" At Colorado City the Morrison beds are e*(poaed only in part i in the railroad cut,
the top and bottom members being covered by talus. The beds stand nearly or
quite vertical. To the west are 55.feet of pale greenish-gray, sandy shale, mostly
massive, with thin layers which are overlain (to the east) by a”15-foots bed of soft,
pale greenish-gray sandstone. ’ .

The formation is cut off by the ovellap and fault south of Colorado City, but
‘reappeals again in the embayment north and northeast of Canyon. In Garden
Park, on Oil Creek, it has a thickness of about 350 feet, according to Cross,* and
consists mainly of greenish, pinkish, or gray shales or marls with sandstone 1;1yel's
at various horizons. It usually lies on the Fountain formation, hut overlaps locally
onto-the gr'antite. It this region the formation has yielded large numbers of dinosaur
remains. The late J. B. Hatcher? described the formation and its relations in the
‘Garden Park area, and créve some details regarding "the fossiliferous horizons. He

estimated the thickness at 450 feet, placing the upper limit hlghel than Cross, so as
to include some ** Dakota” sandstones and shales with dmosaur remains. The bones
have been obtained in largest number from a thick sandsfone layer about 150 feet
above the base of the formation shown in Pl. XXXVII, B, but,some occur 30 feet
below this stratum and othels have been found at various horizons above, both in
shale and sandstone$.” Just below the main hone-hearing. sandstone bed there.is a
layer of clay with thin limestone beds contalnlncr numerous freshwater Gastropods,
and at a somewhat lower horizon is a marly layer with abundant remains of Unios.
These shell fossils havé been described by C. A. White, who classes them as Jurassic,
because they oceur with supposed Jurassic dino‘saurs; but states that otherwise they "
might be much -younger, so that they throw no light on- the age of the beds.
Hatcher reported the discovery of an Ino'cemmv_;ts at the Garden Park locality.

South of Canyon these beds are faulted out.or overlapped by yo‘u.nger strata,
and they do not reappear again until in the vicinity.of Beulah, southwest of
‘Pueblo, where they extend for,a few miles along the foot of the mountains. North
of Beulah for several miles the Dakota sandstone hes directly on the Fountaln for-
mation, but probably the Morrison beds formex]y covered the region and were

~ removed by pre-Dakota erosion. South of ‘Beulah, according to Mr. Gllbert ¢ the

aCross Whitman, Description of the, Pikes Peak district: Geologic Atlas U, 8, folio 7, U S Geol. Survey, 1894, p. 2.
bHatcher, J. B., Annals of Carnegie Museum, vol. 1, 1901. pp. 327-341.
¢ Gilbert, G. K., Description of the Pueblo district: Geologic Atlas U, S.; folio 36 U. S. Geol. Survey, 1897.
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ds congist chiefly of red shale with a few 1ayérs of hard red sandstone
0" feet thick. They are faulted against the gneiss and also overlap that
rtion of their course. Near the contact they are paler in color, white
yredominating, and no hard beds appear. '
mation comes up again for 5 miles at the south end of Greenhorn
ving partly on gneiss and partly on the Boed Beds. Its thickness here,
Hills,? is 270 feet, the lower portion consisting of about 60 feet of soft
one,” conglomeratic at base. The middle portion is a series of pinkish
massive clays and' the upper beds are variegated shales and clays alter-
bands ~ 6f fine-grained limestone, often containing vermilion-colored
ls states that there is considerable doubt as to the true position of the
the time scale and assigns it to the Jurassic provisionally.

lis T. Lee® has made a special study of the Morrison formation ir the’
lorado region, and his work has thrown much light on its distribution
onts. He describes its continuation southward along the foot of the
tains west of the Spanish Peaks into New Mexico, and itsexistence in
yons of Las Animas County, Colo., and to the south. He has found
region it presents its usual characteristics of regular stratigraphic
dinosaur remains. The first exposures east of the foot of the mountains
ara and Huerfano canyons in western Huerfano and southern Pueblo
ere Hills reports the formation as 100 feet thick and consisting of
hales and cldys alternating with layers of fine-grained limestone. In
nyon, north of Thatcher, the typical Morrison is reported by Lee
There are extensive exposures in the
d adjacent canyons where the Red Beds are upliftéd. Mr. Lee gives the
tion in Plum Canyon near its mouth: A )

Geologic section of Morrison Jormation 1'ln Plum Cangon, Las Anim.as County, Colo.
< Feet.
Dakota ... Massive sandstones . ... . oo oo e eeens 140
’ Greenish clay shale, soft-and fine grained ......_........_......_.. 11
Dull-red clay, soft and finegrained.. . ... .. ... . ... .. ....... 12
Brown to yellow shale ................. e eeeeieiien, 10
Argillaceous limestone; fine, dark laminse. . ... ... ... .. ... 3
Morrison. .| Buff-colored Shale ... ... ..oieitutii ittt 13,
Argillaceous limestone; fine, dark TAMING. 2 e 3
Variegated joint ¢lay .- ..o oooooooioiooo... e 18
Argillaceous limestone, finegrained and hard, withcontorted laminze. 2
’ Variegated shales, very soft .. ... .. . ...... 30
Red Beds ..Dark shale, with gypsum and gypsum beds on Red Beds. )

a Hills, R. C., Description of the Walsenburg district: Geologic Atlas U. 8., folio 68, U. 8. Geol. Survey, 1900.

b Jour. Geol

., V0179, 1901, pp. 343-352, and vol. 10,1902, pp- 36-58.

b
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it
In Red Rocks Canyon, a small side eanyon of Purgatory River, Mr. Lee gives

the following section: - IS

Geologic section of Morrison beds in Red Rocks ‘Canyon, Lasnimas County, Colo.

‘ ' ’ Feet.
Dakota ....Massive sandstone. - .
-Brick-red sandy shale, with bandq of hard, ﬁne-gramed sandstone . 25
Reddish limestone; conchoidal fracture . ... .. . .. i._..... 3-5
Soft, dark, clay shale ... ..o e 30
Light-brown clay shale - ... . oo, 11
"Argilladeous limestone ... ... . . ... ... ... © 3
Brown shale -. ... .. e 7
Concretionary limestone .. ... .. ... . ... ... e 1
Variegated joint elay ... . ... .- 7
Yellow paper shale....._. IR N, 3
Morrison. . A'rgillaceous l‘imestone; thin layers ...... semnensd R S 3
Fine shale ... .. .. i i as X -13. -
White limestone. ........_............. ........... S |
Variegated clay-shale ... ... ... .. ... . ... ... T
. Argillaceous limestone; thin layers........._...._.... NUUOUR I
. Yellow Shale ..o oooooe ot oe oo Sl 4
Sandstone with agate masses .. ...... ... I 1
- Sandstone, soft, thin bedded .. ......................._.] . 8
Massive sandstone, soft ................. e - 2
) Papershale - ... ..o Ll 2.
| Massive sandstone, soft. .. ... ............. e eeemaeaanas .. 7
Red Beds ..Gypsum and clay on red sandstone ........... ... ..l .. 12-20

In Red Rocks Canyon the thickness of the for mation is 132 feet; in (,haqu‘lqna~
Canyon, 10 miles from the mouth of Plum Canyon, it is 175 feet (by barometer),

the predominating material being a varlegated clay chale popularly termed ]'oint

»

clay.” Lee says:

“A subordinate amount of sandstone occurs in places but there seems to be no
particular horizon at which this is likely to be found. In Red Rocks Canyon it
ocecurs at the base; in Plunr Canyon none is found; in a side gulch east of Plum Canyon
a brecciated layer occurs near the top containing angular fragments one-quarter inch in
diameter; in Chaquaqua Canyon, 4 miles from the mouth ¢f Plum Creek, a coarse
cross-bedded sandstone layer 15 feet in thickness eccurs about 50 feet from the top;
just across the canyon from this point, perhaps 2 miles distant and at the same horizon,
about 30 feet of limestone is found in place of the sandstone.. In many places the
sandstenes are friable and composed of nearly pure quartz. * * * The occurrence
of the limestones, most of which are more or less argillaceous, is as erratic as that of
the sandstones. The relative amount and position of sandstone, shale, and limestones
vary locally.”

Dinosaur bones were observed by Mr.. Lee in the shales at nearly every
horizon, but no invertebrates were found. . L .

-

O



102 . GEOLOGY AND UNDEEGROUND WATER OF CENTRAL GREAT PLAINS.

It is reported that the foTmation is sharply separated from adjoining formations,
but without evidence of unconformity by erosion. The gypsiferous shales appear to
be distinct and are regarded as a portion of the Red Beds series. The formation
extends’ down the Purgatory to the west line of Bent County, where it passes
beneath the, Dakota sandstone. In Muddy Creek Valley, in the southern corner of
Bent County and adjoining portion of Las Animas Count;?, the Morrison formation
is bared of Dakota sandstone over an aréa of several square miles, in which the same
general features are presented as in Purgatory Valley. It again appears in Longs
Canyon, and T found it exposed in the Two Buttes uplift on Butte Creek, where it is
thin, but consists of gray and purplish clays with layers of light-colored sandstones
and limestones overlying buft and red sandstones at the top of, the Red Beds. Ina
paper presented to the Geological Society of America in December, 1902, Mr. Lee
announced that he had traced the formation eastward down Cimarron Valley and
found that it appeared to merge into sandstones representing the upper part of the
‘ Comfmche series; a relation which T also found exhibited on Butte Creek, 5 miles

east of Two Buttes, in Colorado. .

Comaniche series.—The only point at which this series is known to be exposed

“in Colorado is on Butte Creek, 5 miles east of Two Buttes. At this locality the

creek crosses a low anticline in which' the Dakota sandstone is underlain by 20
feet or more of sandy shales.containiug numevous Gryphea corrugata Say, a
fossil characteristic of the upper part of the Comanche series. The locality is
just above Mechling’s ranch, in bluffs along the south bank of the creek. Farther
westward on the cretk, and generally through southern Colorado, ‘the Dakota
sandstone is immediately’ underlain by typical Morrison deposits. Doubtless the
upper Comanche beds ‘underlie the greater part of Baca County, for.they were
found by Mr. Lee along the Cimarron near the New Mexico-Oklahoma. line.
Possibly they are exposed along Bear und Horse creeks, but these streams have
not been examined for outcrops of beds undérlying the Dakota sandstone.

“ Dakota” sandstone.—Under this heading will be described the entire sandstone
series overlying the Morrison formation, for this series always has been known as
the Dakota sandstone or Dakota formation., It generally consists of two bodies of
sandstone, each 100 feet or more in thickness, separated-hy a deposit of clay or shale
10 to 100 feet or more thick. Thi§ clay and the top sandstone have yielded abundant
plant remains of the Dakota flora (upper Cretaceous), but there is no conclusive
paleontologic evidence. as to the age of the basal sandstone series. The tripartite
succession strongly suggests the Dakota sandstone, Fuson clay, and Lakota sandstone
of the Black Hills, and it is believed that probably these formations are represented.

- The Dakota sandstone is remarkably uniform in character throughout eastern
Colorado. The sandstones are mostly-hard and massive, giving rise to a-well-marked
hogback range (shown in Pls. XXXIII, 4, and XXXIV, B) along the foothills
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and plateaus, with steep-walled' canyons in the southeastern part of thé State. The
predominating color is hght buff, but some portmns are light gray or white,-and
darker tints are not mfrequent ebpeclally in the _upper beds. (mes beddmg is
almost general and conglomeratic streaks flequent ebpeclally at or near the base of
the lower sandstone. The contact with Morrison beds is abrupt and often pr esents
evidence of unconformity by erosion. There is often a v ery rapid change to
Benton deposits, but in most dreas there are a few feet of transition beds consisting’
of an alternation of shales with thin-bedded brown sandstones. The lower sand- -
" stone series is thicker and often_somewhat softer than the upper, and contains shale.
partings at some localities. The middle shale membe1 appeam to be _present
' throughout, but is generally covered by talus.
~ In the region west of ‘Denver the formation is described by Eldridge as havmg
a thickness of 225 feet 'and as consisting of two or three nearly equal benches of
massive sandstone separated by thin bodies of clay, a characteristic conglomelate atl‘
the base, and a zone of hard, white, slaty shales 10 to 30 feet thick at, the top, tran-
sitional to the Benton Fossil plants, mainly leaves of deciduous trees and enormous
fucoids, occur " from base to. summit. The sandstones vary from cross-bedded to
"slabby and often some layers of them are ripple-marked. The basal conglomerate
varies from almost nothing to 30 feet in thickness and is composed of well-rounded
pebbles from the size of a pea to a diameter of one-inch, They comprise a variety
of materials, including quartzites, quartz, flints, jaspers, limestones, granites, and a
tew materials of Ordovician age identified by*fossils, Thin local streaks of conglom-
erate sometimes occur at the-base of the upper sandstone and also near its summit.
There are generally two beds .of clay, one midway in the formation and the othel
nearer the summit. - The thmkness varles from 2 to 8 feet and the material is in part
a typical fire clay of blue or blue- -gray color, fine, even grained, and very compact,
but in:places carrying intercalated sandy shales,” The Dakota formation thms out
and disappears for several miles in the vicinity of Golden.
Doctor Peale¢ gives the followmg sectlon of the Dakota at the mouth of
South Platte (Janyon c

Greologic sectwn of Dakola sandstone at mouth, of South Pldltte C’anyon, Colorado.

~. . Feet. N
Gray and yellow sandstone_s b e e e et eaeacaaaaaaas 70 .
Shaly sandstones, fossiliferots . ............ een DU . . 12
Fine-grained white sandstones U el .3
. Rust) yellow sandstone ... ... .. [ S SRR . 245,

The total thickness of these members is 330 feet. Thé fossils referred to were
determined by Professor Lesquereux and included a Protecides very near P.acuta, H.
At Perry (Pleasant) Park Doctor Peale measured 213 feet of Dakota sindstone,

-

aSéventh Ann. Rept. U. 8. Geol. and Geog, Surv. Terr., 1873.
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but found its upper and lower contacts obscured by talus. The sandstone appears
again for several miles in the Garden of the Gods region, where Doctor Peale reports
257 feet of exposed beds, consisting of 200 feet of massive sandstones above, under-
lain by a finer grained sandstone, in part yellow, containing fragments of Lingnia
and a lignitic, layer with vegetal fragments. My own measurement in vertical beds
near the Gateway gave considerable less thickness, and I’ found the formation to
consist of two magsive beds of bandqtone, apparently with a thin series of shales
between. : s

The great fault cuts off the formation southwest of Colorado Sprmgb, but
it ‘appears again in the Canyon region, where Cross describes it as having a
thickness of 300 feet and as consisting mainly of pure-white or gray sandstone,
usually friable, of uniform texture, with a thin basal conglomerate. Dark-shale
layers are reported .midway in the formation. Fossil leaves are stated to occur
in thin shale layers at various horizons. Hatcher found saurian remains in the
lower portion of the series in this region, and, on this account, was inclined to place
that portion of it in the Morrison formation. This. however, gives too indefinite a
stratigraphic limit to the formations. : )

Dakota sandstone is prominent at the foot of Wet Mountain, southwest of Pueblo,
where it has been described by Mr. Gilbert.2 Its greatest measured thickness is -
650 feet near Beulah, where it consists almost entirely of sandstone;. elsewhere in
the area it contains beds of shale and is from 300 to 350 feet thick. The basal
portion usually is conglomeratic, sharply separated from the Morrison clays and the
Fountain formation, which it overlaps locally. At the top there is a transition into
the Benton (Graneros) shales, through an alternation of shale and thin-bedded
brown sandstones. ‘ i )

In the northern portion of Huerfano County and along the foot of the Greenhorn
Mountain the formation is described by Hills as consisting of 350 feet or more. of
sandstone, of which the lower two-thirds is generally a yellowish-gray rock of
coarse porous texture, with some luyers of fine conglomerate, commonly cross-
bedded, and is separated from the upper one-third by gray shales from 8 to 10 feet
in thickness. The upper sandstones are from 100 to 150 feet in thickness, are light
gray when fresh, fine grained, of close texture, and regularly bedded. The sandstone
lies in part on the Morrison formation, but in places along the mountain front
overlaps onto the granites and schists. In the canyons of Cuchara and Huerfano
rivers it lies nearly level, and presents steep canyon walls surmounting slopes of -
Morrison clay. The Dakota sandstone is a prominent feature in the foothills,
extending between the Spanish Peaks and Sangre de Cristo Range, giving rise for

a Pueblo folio: Geologic Atlas.U. 8., folio 36, U. 8. Geol. Survey, 1897,
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_many miles to a ‘‘stone wall ” where the sandstone is vertical and rises plommently
above the adjoining softer beds. In this district there are always two sandstone
membels sepzuated by 20 feet or more of fire clay as in the region northward. =

In the extensive exposures of Dakota sandstone in the eastern half of Las-

Animas County is prebented a regular succession of the two massive sandstones
with their intervening shale geries. Referring to the formation in Purgatory
Canyon, near longitude 104°, Hills? states the following facts: The thickness is
about 375 feet. The lower two-thirds consists of massive, mostly cross-bedded
sandstones with a few shale partings between the beds and more or less fine
conglomerate. This basal member is overlain by a layer of fire clay, the position
of which is marked by a narrow shelf, due to the projection of the underlying
sandstone. The upper sandstone is grayish white, thinner bedded, with more
numerous shale partings and generally finer grain and greater compactness than
the lower more porous sandstone. These features prevail over the wide area of
Dakota outerop: in southeastern Colorado, in Baca, Prowers, and Bent counties, but
with many variations of thickness and local details of stratigraphy.

The thickness diminishes considerably in southern Prowers and Baca counties,
In the vicinity of the Two Buttes uplift the sandstone has been extensively eroded.
These buttes are capped by a thick massive sandstone (Exeter?), Which is"the upper
member of the Red Béds, and is separated from the Dakota bandstone by distinct
Morrison shales with limestones. . .

Benton group.—The formations of the Benton group extend across eastern
Colorado, outcropping in a narrow zone lying next west of the Niobrara outcrop
as far south. as Arkanbas Valley, down which they extend for some distance,
presenting outcrops of greater or less size, mzunlv on the north stde of the valley.

The th1cknes> of the group is given as 600 feet at Platte Canyon, 590 fcet
~at Deer Creek west of Denver, 300 feet on Turkey Creek, 580 feet at Morrison,
400 feet 1 .mile north of MOII‘lbOH, 440 feet at Ralston Creek, 348 feet at Bear
Canyon 3% miles south of the ‘town ‘of Boiﬂder, and about 500 feet at Fourmile
Canyon. It is about 640 feet.east of Lyons. - In the Arkansas Valley region it
varies but little from 410 feet. The th_rée formations, which Mr. G. K. Gilbert
has differentiated as Graneros shale, Greenhorn. limestone, and Carlile shale in
Arkansas Valley, have heen found to be easily traceable all along the Front Range
northward through Colorado. h

The Graneros shale is a fissile dark- co]med shale usually uniform in compo--
sition. It contains lime .concretions and a few thin limestone layers with shells;

]

4 aE] Moro folio: Geologic Atlas U, 8., folio 58, U. 8. Geol. Survey, 1899.
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the -lattér oécurring more abundantly in Arkansas Valley than elsewhere. The
Graneros shale is usually about 200 feet thick, though it increases considerably
in the region west of Denver. In this region prominent zones of iron concre-
" tions occupy a thickness-of from 40 to 30 feet at a horizon about 200 feet above
the -base of the formation. They dre from 1 to 8 feet in diameter and contain a
considerable :proportion_of iron oxide. East of Lyons, on Little Thompson Creek,
the formation has a thickness of 525 feet or more, with the following components:

Section of Graneros formation-on Little Thompson Creek, Colorado.

Feet
Shales, dark above, lighter below. ... ... . ... 125
Fossiliferous limestone . ... ............ e . %
Dark shales .. ... e eiiiiiieao.. 225
Sandstone, partly thin bedded. .. ... .. . L. 15
Dark shalés, with a few thin beds of sandstone __..._.... e 160+

The widespread Greenhorn limestone consists of impure shaly limestones
95 to 40 feet thick, occurring in layers from 3 to 12 inches thick, separated by
several inches of shale. The deposit is of light-gray color when fresh and is

relatively soft when moist, but it usually hardens on weathering, hecoming

sufficiently hard to constitute a low but distinct ridge. The limestone is charac-
terized by containing large numbers of Jnoceramus labiatus, which may occasionally
oceur in other heds but are extremely abundant at this horizon. The formation
outcrops.in a wide area.in Arkansas Valley in Colorado and Kansas. It is 20 to

- 75 feet thick and- rises prominently in a ridge at the gateway to the Garden of -

the. Gods and appears frequently in the Denver-region and northward. East of
Lyons it appears between the Dakota and Niobrara ridges with a thickness of
25 feet consisting. of limestone layers 4 to 10 inches thick, separated by a fow
inches of dark shales and filled with fnoceramus labiatus. West of Laporte it is
20 feet thick and presents its usuval characteristics and fossils.

The Carlile shale, in its typical development about Pueblo and along Arkan-
sas Valley, is from 175 to 200 feet thick. . West of Colorado Springs it is 240
feet, and .east of Lyons. 125 feet. It COnSlatb mainly . of shale of gray color,
shghtly darker below than above, with more or less sand especially to the west
along the Rocky Mountain front, where its - upper member is usually a gray
sandstone 6 to 15 feet thick. Kast of Pueblo, in Arkansas Valley, the sandstone
_is.replaced by a purplish sandy limestone 2 to 3 feet thick, containing fossils, of
which the most characteristic is the Prionocyclas wyomingensis; about 125 feet
' lower down' there is uauallg a thin bed of impure limestone -also contammg
fossils. Near the top of the formation the shales usually confain numeryus

Py
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lens shaped lime concretions, in greater part from 2 to 4 feet in diameter, contammg
" Prionotropis woolgari.

Niobrara formation.-—The Niobrara formation extends- from north to seuth
across, central Colorado a short distance east of the foothill ranges of the Rocky
Mountains. To the east it underlies the greater part of -the State north .of
Arkansas River, but to the northeast is deeply buried beneath Tertiary and later .
Cretaceous deposits. It rises to the south and has extensive surface outcrops
along Arkansas Valley in Pueblo,. Otero, Bent, Prowers, and Kjowa counties.
It contains much lime in the form of limestone and impure chalk, usually with
considerable clay admixture, which increases in amouit to the west. The upper
members consist mostly of chalk and calcareous shale; at the base there is gener-
ally & bed of moderately pure hard limestone, or dolomite. '

The thickness of the formation in the Pueblo region and for some distance
down Arkansas Valley is 700 feet, but west of Denver and in Kansas ‘it is
“about 400 feet, appalently diminishing gradually to the north and to the east.
The upper portion of the Niobrara formation, consisting of calcareous shale, has-
a thickness ,of about 500 feet’ in the Pueblo region and half as much in-the
Denver region.’- The material is dark ‘gray in color whéen fresh, but weathers to
a distinctive bright-yellow tint, Occasional thin sandy beds occur; and nearly
everywhere are thin beds of hght -colored limestone containing large numbers of
Ostrea congesta, as shown in PL. XXIV. REEE oo

In ‘Arkansas Valley the fonnatlon contains concretions which are often of
° considerable size. In this valley there ‘is also an intermediate member of light-
gray. shales and ‘marls contalnmg a large amount of ‘lime, with- occasional thm'
beds of limestone contammg OStrea congesm This member is from 100 to 125
feet thick, grading downward into a persistent bed of hard limestone, which

is the westward contmuamon of the Fort Hays limestone of Kansas, a rock
extensively employed as a building stone at many localities. This last-named bed
averages about 50 feet in- thickness, and consists of beds for the most part
from § inches to a foot thick, sepalated by thin layers of gray calcareous shale.
It is of light-gray color, weathering nearly white on some of the surfaces,. close
textured and fine "grained, containing sufficient magnesia to be - classed as a.
dolomite. Its characteristic fossil is the Inoceramis dgforinis, but Ostrea congesm .
. occasionally occurs also. Its upper 15 or 20 feet are usually thinner hedded, softer,
and impule owing to admixture with’shale or fine sand. It is usually distinctly -
recognized in well borings by its hardness and purlty a thlcknesq of from 25 to.
.40 feet generally being reported. : o '

Pierre shole.—Nearly all of the Great Plams portion of Colorado north. of

Arkansas® River is underlain-by a sheet of this formation, which extends along

}
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the, flanks of - the Rocky \Iountams from Florence to Trinidad. Its thlckness is
great, ranging from 4,000 to over 7,000 feet adjoining the mountains to much less
to the east. About Denver and to the south and north it is overlain by Laramie
"and -still later formations, and in the high divides eastward, between Arkansas
and Platte rivers, it is mantled to a greater or less depth by Tertiary deposits.
In character it is a remarkably uniform dark-colored clay or shale, weathering
into a’ brownish-buff gumboj; -there are local slight variations in color and strati-
giaphic components, but these are.subordinate. to the general uniformity. Lime
concretions of various sizes are of frequent occurrence. Some local beds of sand-

stone and sandy shale are included,. which, in the Vlcmlty of Boulder, vield petro-
leum in considerable amount. :

The lime conuetlons begin to be abundant above the first 400 or 500 feet of

basal members -in "the formation and contmue to its top. The" ordmary type
consists ‘of lens-shaped masses, with a coat of rusty material on the ‘ontside and
dark-colored fine-grained .limestone within. Often the concretions are traversed
by cracks filled -with calcite. They vary in size from a few inches to 5 or 6 feet
in-diameter, but most of them are less than 2 feét in‘diameter and from 4 to 8
inches thick. They weather into the angular fragments with rusty surfaces that
are usually ‘found scattered over the surface of Pierre outcrops.
. In.the Pueblo i'egion these concretions, which are particularly abundant in a
zone about 600 feet thick lying from 400 to 500 feet above .the base of the
formation, carry fossils typical of the Pierre shale. Above this zone the shale is
paler in color and finer grained, and concretions are abundant, genemll) larger,
and much more-fossiliferous. "The fossils are often well pleserx ed, showihg the
actual shells w1th much of their original pearly luster. Baculites COMPTEsSUs, a
conspicuous fom], often several inches in diameter, and large Znocerami sagensis
abound. i .

In the zone to the south there are found occa,smnal ]alde concretions which
give rise to ‘“tepee buttes.” These masses consist of - *“coarse, gray, fossiliferous
limestone, irregular or rudely cylindrical in form, and standing vertical within
the shale-mass. Ordinarily they. are from 5 to 30 feet in horizontal diameter,.
and their vertical extent is greater. .As the wash of the rain carries, away the
shale, these cores, being more resistant, -are left projecting from the surface.”

© "In a measure they protect the shale from erosion and so give rise to .conical

™ hills -with shale slopes and a mass of the limestone at the top. On account of

" their form they have been called “tepee buttes.” (See Pl. XXXVIII, B.) The

. characteristic fossil in the hmeqtone is a small shell about an inch w1de known as.
Iucma 0cczdentalz9

- aGllbert, G. K,, Geologic Atlas U. S., folio 36, U. S. Geol. Sur%ey, 1897.
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A. GREENHORN LIMESTONE IN BENTON GROUP NEAR THATCHER, COLO.

View showing alternation of limestone and shale. Photograph by G. K. Gilbert.

B. TEPEE BUTTES IN PIERRE SHALE NORTH OF NEPESTA, COLO.

Photograph by G. K Gilbert.
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Above the zone of shalés containing the limestone lenses of tepee buttes there
are several hundred feet of dark shales. 4

In the Florence oil-field basin the formation is 4,000 feet thick, and contains
many thin beds of hard shale carrying -the oil. According to R. C. Hills, it is from
1,200 to 1,300 feet thick to the south about Trinidad. West of Denver it has a
thickness of 7,700 feet, greater than is observed anywhere else in the Great Plains
region, .There the formation contains thin local beds of limestone and a local bed
of sandstone about 2,500 feet above its base, which varies from.100 to 850 feet in
thickness. This sandstone is a soft, friable, yellowish-gray rock composed of quartz
sand and more or less clay, intermixed and intercalated. /

Fox. Hills formation.—The Fox Hills formation, ulthough of wide distribu-
tion beneath younger formations in the Denver region and through northeastern
Colorado, generally outcrops in a narrow zone. This outcrop appears near the
Wyoming State line-not far east of the foothills, and extends continuously along the
western margin of the Denver basin, dipping steeply to the east. It emerges from
beneath the Tertiary for some.distance in the vicinity of Colorado Springs, south of
the Platte-Arkansas divide, and it occupies a small circular area in the syncline near

-Florence. In the syncline of the Spanish Peaks basin the sﬁbposed southern
extension of its upper sandstone member, which has been separated as the Trinidad
sandstone, forms a pl'dminellt escarpment bordering the Laramie outcrop.

The maximum thickness of the Fox Hills is from 800 to 1,000 feet in the

_ Denver region, thinning locally to 500 feet at Golden, where, apparently, its lower
meml_)er is absent for a short distance. In the Florence district the thickness is 430
“feet-and yet farther south its upper member (the Trinidad sandstone) ranges from -
475 feet ahout Walsenburg to 150 feet at the type locality about Trinidad.

" In the Denver basin the formation is made up of a series of arenaceous shales
with occasional bands of clay, all of a yellowish color and surmounted by a persistént
50-foot bed of sandstone of greenish cast, weathering to light-gray ‘color. In the
Flovence district the cap of yellowish sandstone, though persistent, varies from
10 to,50 foet in thickness. The Trinidad consists of two members-—an upper one of
massive, greenish-gray sandstone, weathering to gray, with prominent joint planes,
75 to 80 feet in thickness; and a lower one, 80 to 90 feet in thickness, made up of
thin-hedded dark-gray sandstone in strata 2 to £ inches in thickness, with thinner
partings of shale. .

Cone-in-cone structure ts common in the Fox Hills beds, and a varying quantity
of sandy, limestone concretions. resembling those of the Pierre shale, occur abun-
dantly and are fossiliferous. Poorly preserved Baculites are found in many places
in the shaly member, and the tucoid, Halymenites major, occurs everywhere in the



110 GEOLOGY AND UNDERGROUND WATER OF :CENTRAL GREAT PLAINS.

upper sandstone. In the Denver region this sandstone yields a rich invertebrate
fauna, as follows: : |

Mytilus subarcuatus. Crenella elegantula ’

Nucula cancellata. ' Cardmm ( Ethmocardium) speciosam.

Solemya subplicata. Sphaerlola cordata.

Veniella humilis. : . Callista deweyi. *

Callista (Dosinopsis) owenana. Mactra alta.

Tellina scitula. Tancredia americana.

Liopistha (Cyﬁxella) undata. Fasciolaria cheyennensis.
* Pyrula bairdi. ' Fusus sp.?.

Pseudobuccinum nebrascense. . Anchura americana.

Turritella sp.? - " Dentalium sp.?

Cylichna sp.?" :

. ]

Laramie formation.—~The Laramie is the surface formation in wide areas on
both sides of South Platte Valley, and, exﬁending southward” beneath the more
recent formations which cap the Platte-Arkansas divide, reappears in extensive
outcrops in the vicinity 6f Colorado Springs. A small’ outlying area of the Laramie,
bordered by the Fox Hﬂls, occurs in the Florence syncline. The Laramie and a
thick series of ovellylng formations occupy the extensive synclme of the Spanish
Peaks region south of Walsenburg. -~

In the Denver region the Laramie formation is from 600 to 1 200 feet in
thickness, and, like the Fox Hills, consists of two members, one of sandstone and
the other largely of shale; but, unlike the Fox Hills, the sandstone member is the
lower one, lying immediately over the Fox Hills sandstone, and often forming an .
_escarpment in connection with it. The two sandstones are easily distinguishable by
the mixture of mica with the sand in the Fox Hills, while the lower Laramie sand-
stone is exclusively, quartz. - A horizon of marine fossils also occurs near the top
of the Fox Hills:" C :

- The lower division of the Laramie comprises at the base two beds of white
sandstone, each about 60 feet thick, separated by 2 to 4 feet ‘of shale. A third
bed of sandstone, 8 or 10 feet thlck occurs 60 feet above the last mentioned, the
1nterven1ng space heing occupied by alternations of shale and beds of lignite, which
are extensively worked. A distinctive feature of this middle sundstone is the
occurrence of lé’rge concretionary forms, some as much as 30 or 40 feet long, of
the same material as the surrounding rock, but extremely hard."

" The upper division of the Laramie formation in the Denver basin varies from
400 to 1,000 feet in thickness, the smaller thickness being due to uneven denudation.
It consists chiefly of clays, through which are distributed small lenticular bodies of
sandstone, from 6 to 30 feet in diameter-and from 1 to 6 féet in thickness,.and
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innumerable concretionary ironstones, from 2 to 4 feet in diameter, which invari-
ably contain plant remains, often well presérved. -The coal of this division is not.
important. :

In the Florence basin the Laraniie formation is composed of- a succession of
heavy bedded sandstones ‘with intercalated shales, and, -in its lower portlons of
workable coal. The sandstones form an escarpment bunoundmg the mesa south-
west of Florence and constitute one or two small outliers, + o

In the vicinity of Walsenburg the Laramie has a #hickness of 1,000 feet,
which increases to the south, due to thicken‘ing' of the upper member and to less
erosion at its top, until, at the State line south of Trinidad, its thickness is 2,500
feet. A massive bed of sandstone a hundred feet or-so from the base of the
formation is persistent, and overlies an alternation of arenaceous shale, clay
shale, and coal. Above this massive sandstone the formation is predominantly
sandstone, but the sandstones and clay partings vary greatly in thickness.

The fossil remains of the.Laramie formation are limited to ﬁle characteristic

"Ostrea glabra, a unio, and 4 dinosaur of undetermined genus. Contrasted with

this there is.a rich subtropical flora, similar to the present-day flora of the
Gulf States, consisting of figs (15 species), oaks, ferns, palms, poplars, willows,

and tulip. In the region about Golden there are- 83 spem& which are pecullar

to the Laramie.
GEOLO.GY OoF EASTERN SOUTH DAKOTA.
GENERAL STRUCTURE.,

The greater part of eastern South Dakota is heavdy covered by glacial drift

‘Aand outerops 6f the undellymg formations are rare. Fortunately, however, there
. aré numerous deep wells, and from the records of these it has heen possible ‘to ~

ascertain some of the broader featufes of structare and stratigraphy. The Mis-

~ souri has cut a deep valley which affords extensive exposures of the older forma-

tions, but the prominent feature for many miles in this valley is a great succession
of high banks of Pierre shale.. Below the Great Bend Niobrara chalk -expo-

‘sures begin, and continue in the lower slopes as far ‘as the mouth of James

River. At this place the Benton shales and sandstones appear, and, approaching -
Sioux-City, Iowa, the Dakota sandstone finally outrops in the extreme southeast .
corner of the State. S ’ -

In the outcrops the rocks appear to lie homzontally, but when the relatlons
are studied it is found ‘that there are low dips in various directions. The prin-

" cipal featuré is a general rise to the southeast, which, together with the dimin-
© ishing height of the land, brings to view the lower formations in succession in. .

-
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that direction. There is also a low anticline with its axis extending westward
through Mitchell toward Chamberlain, which brings the Niobrara and Benton
formations -and the Sioux quartzite to the surface over an area of considerable
extent in James River Valley. This uplift 'is coincident with an old ridge of
Sioux quartzite which was a shore during the deposition of the Dakota sand-
" stone and, to a less extent, during Benton time, but apparently was almost,. if not
entirely, covered by Niobrara waters. It was an outlying ridge completely separated
from the main shore of g*ranites and gneisses which rise in Minnesota Valley
and northeastward. ‘

STRATIGRAPHY.

ARCHEAN AND ALGONKIAN.

The pre-Cambrian crystalline vocks which underlie the Central Plaing rise
rapidly in the eastern’part of South-Dakota and finally reach the surface. One area
of outerop extends from James River Valley, near Mitchell, eastward to the vicin-
ity of Pipestone, its appearance heing mainly due to an anticlinal uplift; another
is in Minnesota Valley, where the rocks rise on the slope of the great uplift
of the Minnesota area. The configuration of the ‘‘bed-rock” surface, as it is
termed in eastern South Dakota, is shown in Pl. XXXIX by contour lines
determined partly by 6utcrop5, but mairnly from numerous wells which either
have reached older rocks or failed to reach them, and thus, in a measure, have
delimited its depth. ’ : ; . '

In addition to the general gradual rise of the ‘‘bed-rock” surface to the
east, there is a conspicuously high underground ridge or promontory, which
extends through Salem and Mitchell toward Chamberlain. This ridge, so buried
" beneath later sediments that it has no effect on the present topography, has steep
slopes several hundred feet high, so that it.-would have considerable prominence
topographically if the surrounding clays and sandstones were removed. The
structure of the younger formations abutting lagainst this undergiound ridge
‘indicates that while it is partly due to anticlinal uplift it was also a ridge of

considerable height at the time of the deposition of the Dakota sandstone. The
-rock of this ridge, kunown as ““Sioux quartzite” throughout the area, outerops
extensively along Big Sioux River near Sioux Falls and at other points to the
west and to the northeast. This quartzite consists mainly of rounded or subangular
sand grains cemented by silica, and to a greater or léss extent built into -quartz
erystals. It is usually very compact and intensely hard, so that steel of high
temper is- generally required for drilling it, though some portions. are locally
much softer. The predominating color is pale pink, but some portions are
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gray, or buff. The bedding varies from slabby to massive. The thickness of the
formation is not known but a well at Sioux Falls 575 feet deep and one at
Mitchell 225 feet deep were in tvplcal quartzite throughout In Hanson County
the quartzite 11dcre rises steeply about 400 feet ahove an® underground plain or

" valley, whose floor several of the wells have reached and found to be of granite,

an occur1ence which probably mdlcates that the present thickness of the quartzite
rising to the south is 1ess than 400 feet. As the surface of the quartzite was
exposed to extensive erosion, especially durmg Glacial times, as shown by its
being deeply scarred ’ glaclal scmtohes the orlgmal thlcknBSb doubtless was"
greater than it is at present.”

To the northeastward, in the vicinity of Pipestone, the Sioux quartzite is
overlain hy or merges into a very compact red clay known as ‘ catlinite,” or ** pipe-
stone,” a’ material which has been long employed by the Indians for the manu-’
tacture of pipes and other articles. A few impressions reseinbling Cambrian
tossils were: 1ep01ted from these deposits by Prof. N. H. Winchell, but it is believed
that the-Sioux qua1fz1te as a whole is Algonkian, from its similarity to quartzites
farther to the northeast, which are known to underlie Cambrian rocks. -

The Sioux quartzite is penetrated by dikes in the vicinity of The Dells, near-
: Ganetaon, Minn., and an igneous mass has been found in well drillings in the
southwest corner of Minnesota, and pObblbl} also in sec. 25, T. 104, R. 58'in South
Dakota. Outer ops of the Sioux quartzite occupy a LonSLderable area at Sioux Falls
and vicinity, and it rises in extensive and very plctmesque walls, often 50 feet high,
in The Dells, near G&lletbOD, and on Split Rock Creek.  The vertical. cleavage
which the rock presents in these .two localities is a chamcten_stm,temtule, and is
the principal factor in the palisadal structure that it exhibits. To the west the:
- rock outcrops in most of the deeper valleys between Sioux Falls and Mitchell,
notably on Vermilion River southeast of Parker, along East Fork of Vermilion
River below Montrose, West Fork of Vermilion River né_ar Salem, south of Salem
on Black Earth Creek, on Wolf Creek near Spencer and. near Bridgewater, on "
Pierre Creek northeast and southeast of Alexandria, on ‘Johrison Creek and its -
branches north and east of Fulton, on Rock Creek northwest of Fulton, on James -
River west of Alexandria, at Rockport, and: on- Enemy Croek'néar its mouth.

_ Beyond the area of outcrop the quartzite has beén reported from numerous.
wells of moderate depth in Minnehaha, Moody, Turner, Lincoln, McCook, Hanson,
Hutchinson, and adjoining countles It has -heen reported in deep wells'in Aurora
and Boadle counties, and at Scotland and Tyndall, in Bonhomme County. .

In the records of borings which are claimed to have reacheéd bed rock the nature
 of the material has not always been asceltalned some of ‘the drillers reporting ‘“ hard
-10001—No. 32—05——8 ’
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rock,” or ¢ very hard rock 7 which glves no clue to its nature. In a few ‘cases

samples have been obtained and submitted to persons qualified to determine the

" nature, but more often there has been only the judgment of the well drillers. “Ordi-

narily these persons have been able to recognize the typical Sioux quartzite without
much doubt, but with other rocks their judgment is open to considerable question.
It is asserted also that in :several instances rocks collected on the prairie have been

~placed in the wells and afterwards churned up. by the boung machine, either for

_mischief on the part of some foolish person, or by the drlllel for the purpose of

-

giving the impression that he had reached ‘“‘bed rock” an‘gguld abandon further.
boring. In the following list are given all the data so far obtained regarding the
occurrence of “‘ bed rock” in the borings in the eastern portion of the Dakotas and
in the immediately adjoining portions of the adjacent States. In this list are not ,

_included the many shallow wells which have reached the Sioux quartzite where it is

near the surface in the eastern portlon of Hanson County, central McCook Lounty
and in the counties to the east. '

List of wells to or into bed rock, mainly in South Daketa.

Location. : " Rock. - p ’ " Depths. .

. : ) Feet.
Jamestown Asylum. ... U eeSeees e Hard limestone ............... . 1,505-1, 524
Aberdeen ... o S ‘.._“":__{Quartmte...._......l .......... 1,221-1, 267

. L ~ Granite...__... e - 1,267-1, 300
Budlong well, T. 114, R. 62, 060 18 . vneooeoeeo . {Q“‘i‘rt“te TTraTemmeeeeseeoes peel o 9227995

- e Gramité.. ... .............. . 995-098}
.Glidden well, three-fourths of a mlle wwest-northwest [Quartzite ... e el b ,083-1, 142
Of HItOREOEK - + o eeemmieieeeanaenen se-eeve--<-\Granite......o...... L .li...1,142-1,150
Motley well, T. 115, R. 61 T O “* Very hard rock” ... _. . * 1, 050
Wolsey . oooenenie. ceenio TR NN I A0 928930

Huoron......o...... et taetesaeaieoesiieaeecaeanns Quartzite on granite..._._._ ... 1,070-1,139 -
Bohri well, near Raymond........................L__. s T eeeel it 1,198-1,200
T. 102, R. 61, sec. 18 Lo\ itioiiiieiiiiion e “Quartzite” ... ... I 280

T. 102, R. 62, sec. 25...-'.-_ ........... U S do...... e L 280 -
Brookings ........l.. reeeeaad ; ........ Quartzite ..... SRS - 556
White Lake ............. e e teceneeteanans Sioux quartzite.._........._... © 900
Plerre . oo oo . e “Granite” ................... 1, 250-1, 256
Henneau s well, T.- 103 R 68, sec. 34 .............. Sioux quartzite.. .. ....... o o 849
T 103, R. 61, sec. 17 “ Quartzite™ ... ... oo .. © 312
Plankinton ®...oooooooieeiioao... s - .| Sioux quartnte ................ - 745—336
T. 104, R. 58; séc. Pl R o] Gramite. ... C 512-518
T.104, R. 58, SW. § sec. 25.. 1.0 iu i .| Diabase..eeuvneenenn b 506

@ Another well nearby found no “bed rock’’ to a depth of 1,537 feet, -
b Nettleton, E 8.,"Artesian and underﬁow mvestlgamon Report to Secretary of Agnculture pt 2 1892
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List of wells 10 or into bed rgck, mainly in South Dakota—Continued.
Location. Rock, Depths.
Feet.
T. 104, R. 58, 86C 36 <ot iiaccaanan Quartzite . ... ... ..___.. 480
T. 104, R. 60, s€. 29 .. ool ciiiiiee i eenns Y 228
T. 104, R. 57, 860, 13 oo oo coe ) U Hard rock e, 204
" T.104, R. 57, NE. Ysec. 17 Lo Gray granite. ... ... ....... 510
T. 104, R. 57, NW. }sec. 19.. ... oo oo iaiiaaanes do ool 557
Fulton ..o e Quartizite. ... ..o ... . 30
Ethan........ ... ... .. “Hard rock” .. eeeooo el 320
T. 104, R. 60, 8¢ 25 .. ooooti e eat L T 115
Mitchell.. .. ... FUTU . e Quartzite .. ..... ... ... 540765
Doxheimer well, T, 103, R. 57, sec. 11............ L. Jasper” Lol iiolil.. 153
T. 103, R. 61, sec. 25 _.... e et Dark-gray granite ......... JE 500
T. 102, R. 60; sec. 20 0 Lo S “Quartzite’ ... .. . ..o ... 195
. Quartzite ... ... ..o .. .- 40
ALEXANATIA -« <o oo e With sandstone and water be-
R low, and in one well hard
e rock from ....... ... 490496
T. 104, R. 59, sec. 29 (2}, ... ....... s Quartzite . ... ... ....o..... 100
Elm Springs ......... R PG do.eoen 247412
SPENCer ...t e “Jasper” .. RO | 100
10 miles southeast of Salem _.._.................... Quértzite ..................... 170
ST (=3 11 RN Sioux quartzite. ............._. 220-247
West Point region...._..._.... . s Quartzite ...... ... ..., 300
Humboldt region ... ... ... ... R R do el 140-153
Sioux Falls . oo PR do i 0-575
County well, T. 100, R. 62, sec. 18. .. .oooueeenaa .. Granite. .. ....o.o.o.....o.... 1,025
County well, T. 100, R. 64, sec. 26......... toe..i...{ Hard rock, ““granite” ......._. 937
7 miles north of Parker....._... s Quartzite .. ... ... ... 140
Parkston . ...coeooiii i P Sioux Falls quartzite -......... 510-522
DO e U I A0un e 542
Menno - ........... e SRS S A0t 410417
- 510-513
Well in center of Turner County ... ... .._........ “Very hard rock™ ... . ... or
o ‘ 556-559
Well 7 miles southeast of Canastota .._....__.__.... Quartzite __.. .. ... ... ... 140
Fort Randalle ... ... “Hard rock” ......... e 576-610
Scotland @ .................. TR QuATtzite - - ..ooeoeiioi 535-587
Tyndallé ............ e PR I s [ S BT 735
Yankton .........oo..ooo.oo.... e “Granite’ __...._.......o.... 898-942
. 5 miles north of Alcester...... e e “Hard rock™ .............o.. - 480
Verblen, Marshall County ~. .. .._.2............ .| Granite.........i.o.co....l. 860
Vermilion, University well .. _......._:........... Quartzite ... oo, 630

. al\'e‘ttleton, E. 8., Artesian and underflow investigation: Report to Secretary of Agriculture, pt. 2, 1892,
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List of wells-to or into bed rock, mainly 'iag South Dakota—Continued.

Lclycation.' . . Rock. : ) Depths,
. . Feet,
Layson well, T. 94, R. 61, sec. 224 ... ____...._.... “Very hard rock”™ . ._......... 1,074-1, 0753
Elk Point ..o iie i “Hard rock” ......... s 308
DO et PO SRS do ....... R 367
Milbankd ....o.ilo e eeeesiosasbend Granite. oo Dol 280-303
"Albee, Girant County ... ... s R Sl aes
Whiterock, Roberts County, 8. Dak...._.......... |-.... do........ fer eieieenans ‘ 500
“Brown Valley, Min. b ... ceoouoooonomiomnannn. Granite (?) .o oeueenaenneonnss 425465
Canby, Minn ... .. .. iiiiiiil.L eenannn “Granite” ... io.io... 400°
Moorehead, Minn. ¢.J....oo..oocuiiii i Granite...........ooeeeeoo... | 860-1,750
_ Marshall, Minn., 6 miles south-southwest. .. .._._...L. eeendO 505-505%
- - - T - Sandy shale-and green clay e - 420-455
Ponca’ Kebr. « -j--.'------.'---.'" ToTTTTTmTmTmmnes {leestone ......... PO . " 455—198
[\(Limestone, chalky at top ...... 335-1, 255
. ) Sand, marl, etc .. ...... e 1, 2565-1, 320
_Sioux Clty, Iowad ........... eeeeesesaseenen.---2]t Limestone and sandstone ......[....
: C o ‘ Quartzite (7)...... NS ! 1,510-1, 595
Granite or gneiss...._.._.____. \ 1,525-2, 071
4

’ aXNettleton, E. 8., Artesian and underflow investigation: Report to Secretary of Agriculture, pt.2, 1892,
bWinchell, N. H., Notes on some deep wells in anesota Fourteenth Report Geol. and Nat, Hxst Survey Mumesota
1888, p. 14,
eWinchell, N. H., Natural gas in anesota Bull. Nat Hist. Survey Minnesota No. 5, pp 2"—31
dTodd, J. E., Notes on geology\of north-northivest Iowa: Proc. Iowa Acad. Sci., 1891, ° '

) These data, in the main, satisfactorily agree with one another and with the
igene‘ral structure. A few indicate rather unexpected details of configuration of
"the ““bed-rock” surface, but, on the whole, the apparent distribution of the

various rocks and the underground contour of the surface on which the water-
bearing beds of Dakota sandstone lie are evervwhere in reasonable accord (see .
Pl. XXXIX). The general form of all the larger feature‘s is mdlcated at least
applonmately, by the experience of more than one well. It is undoubtedly the
case that more complete data, or different interpretation of certain well records,
‘might suggest modification of the contours shown, but it is thought that it would
be in respect to minor details only. ' _ ‘

The high quartzite ridge extending underground nearly due east and west
" through Minnehaha, McCook, and Hanson counties, and prolonged with diminished
height to White Lake and beyond, is perhaps the most noteworthy feature shown.
Its extent and altltude ale deduced very obv1ously from the -experience of “a
large number of bormgs which dre fully in accord in nearly every respect. In
_several Wells the Sioux quartzite, with its unmistakable texture and pink -color,
was penetrated for a number of feet and between James River and Enemy
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. Creek, near Mitcheli and the Minnesota liné, are numerous exposuves of the rock
© in the depressions’ which cross this buried ridge. As previously stated, at Sioux
Falls the typical Sioux quartz1te was penetrated by a boring to a depth of 575
feet without reaching its base, and at a number of other points as far west as-
White Lake it has been penetlated to a considerable depth." )

I e‘camlned a sample of the material penetrated between 512 and 518 feet, y -
from the boring in T. 104, R. 58, sec. 24, and- found that it was a dark granite.
This-wag at the base of the north side "of the buried - quartzite ridge above
referred to, and would indicate” that the quartzite' is underlain by granite. In’
two county wells in the northern part of Douglas County gramte was reported
in a similar position' on the opposite side of the quartzite ridge, but the identity
cof the rock is open to some question. ' The deep xalley in the bed-rock surface
lying north of the buried quartzite ridge is 1ndlc¢mted by the fact that the Hulon -
Iroquois, VVoonsocket and Madison wells did not reach bed rock.

o At Madison the boring penetrated to a point about 587 feet above sea level,
and was discontinued in shale.v The evidence of the line of borings from Brook-
ings to Wolsey indicates some’ interesting features of underground topography in
the bed-rock surface. In none of the borings is there definite evidence as to the
nature of the rock pen‘etﬂ;rated. In the case of -the De Smet well, it was at one
time supposed that the quartzite had been reached in a hard rock at a depth of
1,456 feet; but at 1,470 feet the drill passed out into soft sandstone, presumably

- of Dakota age, which carried water. As no bed rock was reported in the 800-foot
boring at Arlington, the bed-rock surface evidéntly slopes down gradually from
1,160 feet above sea level at Brookings to less than 200 feet ahove sea level at
Iroquois, where no bed rock was reached. At Huron the occurrence of bed rock
at slightly less than 200 feet above sea level indicates the position of the deeper
portion of the basin, for the bed-rock surface appears to rise rapidly to Wolsey.
Colonel Nettleton is authority for the réported occurrence of the rock in the Wolsey
well at an altitude of 420 feet above sea level, as he states in his “log” of this
well that at 928 feet the boring_ entered’ very hard rock, into which it penetrated |
9 feet. This would indicate the presence of a ridge terminated on the west by
a steep slope, as shown by the deep wells around Miller and St. Lawrence; on
the south, as indicated by wells north of Wessington Springs; and on the east;
as indicated by the deep wells southwest and southeast of Huron, none of Whlbh
reported bed rock. -

The presence and plolongatlon of this ridge to the north is fully borne out
by the experience of three wells north and northeast of Hitcheock. In two of
these, the Budlong and Glidden, quartz1te was bored through and the granite
_entered for a short distance. In the third well, on the farm of Mr. Moxley, bed

»
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rock is reported at about the same altitude above tide level as in the Budlong
well, but it was not penetrated, and its nature was not stated. I examined borings
from both the, Glidden and Budlong wells, and there is no doubt as to the nature
of both the quartzite and the granite as indicated in the logs and stated in the table
given on pages 114-116. The middle portions of the quartzite in the Budlong
boring were not so distinctive in character as the upper and lower beds, for they
appear to be of a somewhat softer material. The borings from the granite contained
unmistakable feldspar fragments of jagged outline and in very fresh condition,
together with some scales of mica and a large amount of quartz, mainly showing
sharp edges. Some of the quartz grains were rounded, poss'ibly by water action,
but just as likely by the churning of the drill. It is also possible that some or
all of these rounded grains were of sedimentary origin, but in this case they
were undoubtedly derived from the overlying quartzite. It should be borne in
mind in making a judgment on material of this character that there is more or
less detachment of the overlying materials by the'drill in both its descent and
ascent, below the bottom of the casing. As the process of drilling in such a hard
rock as granite is relatively slow, there is much more chance for admixture of
material detached from above than in the case of rapid progress through soft beds.

The precise course of this ridge, which passes north of Hitchcock, probably to
Wolsey, and its relations to the adjacent slopes of the bed-rock floor eastward are
not definitely known, but the experience of the Bohri well, near Raymond, and the
absence of bed rock in the 1,200-foot boring at Clark indicate approximately the
features shown in Pl. XXXIX. The Doland, Redfield, Ashton, Turton, Conde,
Mellette, and Northville deep borings, which did not reach bed rock, indicate that
it is not prolonged to the northward. The Bohri well penetrated supposed bed
rock for 2 feet, but no report was given as to the nature of the rock except that
it was very hard. The deepest boring at Aberdeen found the water-bearing beds
and some underlying shales and sandstones underlain by 46 feet of quartzite lying
on granite, which was penetrated 83 feet. This relation of the quartzite to the
granite is in accord with the experience of the wells near Hitchcock. The position
‘of bed rock in the Aberdeen well, in relation to that in the Hitchcock region,
indicates a relatively gentle slope from the top of the Wolsey ridge to Aberdeen.
To the east of Aberdeen there is but little evidence as to the nature and rate of the
bed-rock slope, but the relations of the Groton, Andover, and other wells which
did not reach it indicate that.its rise is very gradual.

The boring at Milbank, in 'which the granite was penetrated for some distance,
the surface outcrops of the formation in Minnesota Valley below Ortonville, and
the présence of granite at a depth of 168 feet at Albee, all bear out the idea of
regular slope. The Brown Valley well appears to have reached the granite on this
slope and to have penetrated it for a short distance. The material is not stated to
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be granite by Professor Winchell, but as part of the borings were' “greenish,
micaceous, kaolinic clay or shale,” and *‘ white, opaque, and whoﬂy unwaterworn
éngular quartz grains,” it seems exceedingly probable that the material represented
granite in at least the lower 40 feet of the boring. The well at Jamestown Asylum
in North Dakota is reported to have penetrated for 19 feet at its bottom into hard lime-
stone, which probably was either the Carboniferous or the Silurian, both of which )
come to the surface in Manitoba. The underground contours from Jamestown
to Moorehead are constructed on the assumption of a regular slope. The edge of
the limestone does not extend to Moorehead, where the deep horing passed through
drift and possibly Cretaceous beds far into the granite.

Returning to the southeast corner of South Dakota, it is reported that the
quartzite was penetrated in a number of wells, including those at Parkston, Scotland,
Tyndall, Menno, and a well southwest of Parker. At Yankton the granite was
reached. At Fort Randall the natme of the hard rock, which was penéetrated for 34
feet according to Colonel Nettleton, is not stated, but presumably it was quartzite.
The nature of the hard rock found in two borings at Elk Point is not known.
The Ponca and Sioux City borings found Carboniferous limestone underlying the
Dakota water-bearing series, possibly with a thin intervening representative of
some intermediate formation. The Sioux City boring passed through a great mass
of the limestone, through some limestone and sandstone, through 15 feet of a hard,
brown rock, which, according to Professor Todd, may be the Sioux quartzite, and
then penetrated nearly 550 feet into hard, gray granite. The borings at Parkston,
Menno, and southwest of Parker indicate that the buried quartzite ridge which is so
prominent from near Mitchell to Sioux Falls sinks almost as rapidly to the south as
it does to the north, and this slope is further delimited by the experience of borings
near Parker and in central-western Turner County. The steep slope in the Canton
region is indicated by the relation of the surface outcrops, the rapid increase of
thickness of the Dakota and overlying Cretacous sediments, and the experience of
one or two borings in the southern part of Lincoln County. To the south of the
steep southern front of the buried quartzite ridge there appears to be a relatively
gentle slope intersected by two valleys, one of which heads near Menno, as indicated
by the failure to reach bed rock in a 747-foot well, and by the relations of the wells
in eastern Douglas County.

The irregular contour of the bed-rock surface, as shown in Pl. XXXIX, is no
doubt partly due to subaerial erosion prior to the deposition of the Dakota sand-
stone. It has been suggested that the quartzite ridge which extends through
Mitchell is a portion of the Dakota sandstone locally lithified, but the evidence of
overlap and many other relations appear to indicate that this can not poss1bls7 be
the case. :
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PALEOZOIC.

" While. it is probable that the Paleozoic rocks extend some distance east from
the Black Hills, south from Manitoba, and north from Nebraska, they' are absent
in the greater part of the area of South Dakota lying east of Missouri River.
The deeper wells at Aberdeen and Pierre found materials, apparently all of Creta-.
ceous age, lying directly on the old erystalline rocks. South and east of these
localities the same conditions prevail, and on the underground ridge of the Mitchell
region even the Dalkota sandstone is absent in an area of considerable size. To
the south of this ridge numerous wells, as far south as Yankton and apparently
also at Klk Point, have found the Dakota sandstone underlain by quartzite and
granite without suggestion of intervening rocks. At Ponca, however, the Dakota
sandstone is underlain by a series of limestones- and- sandstones which undouhtedly
represent the Carboniferous and possibly still older sedimentary rocks, -and at
Sioux City, Iowa, similar relations were found. These indicate that the Paleozoic
" rocks, especially the Carboniferous, which is so extensively developed in Iowa and
Nebraska, extend at least to the southeast corner of South Dakota.

°

" EARLY MESOZOIC.

The red beds and marine J ql‘assic“ formations probably do not underlie eastern
South Dakota: Tt is possible, however,-if not probable, that the formation there
termed Dakota may include in its lower members the Morrison, Lakota, and Fuson
formations of the Black Hills and of the Rocky Mountain region. There is, however,
no direct evidence on the subject, and it is mentioned here as a suggestion merely.

LATER MESOZOIC.

Dakote sandstone.—The Dakota sandstone underlies the greater part of eastern
South Dakota, rising to the surface in the extremeé southeast corner of the State.
The predominant material is soft sandstone, moderately fine grained and porous for
the most part, and'of light-gray color. There are intercalated beds of clay or shale,
of greater or less extent, separating the sandstone layers. . The sandstone lies directly
on crystalline rocks—granite or quartzite—but is absent on the higher part of the
underground ridge of quartzite in the Mitchell region eastward. Although it rises
in approachmg this quartzite ridge, due mainly to anticlinal uplift, it does not arch
over, but appears to be terminated by a shore line, beyond whicu there is an overlap
of the Benton forimation.

The configuration of the hase of the Dakota sandstone, or *“bed rock,” is repre-
sented in Pl. XX XIX, and that of the upper surface in the map, Pl. LVIIIL, in which
it will be seen that the contour lines represent considerable difference in’ slope from
that of the bed-rock surface, a difference indicating variations in thickness of the

p
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formation. This is an important condition as affecting water resources, but there
is great scarcity of precise data beanng on -the bub]ect The formation thins
Tapidly on the slopes of the quartnte ridge -in the Mltche]l 1eglon and apparently
also about Kimball and Hitchcock, but in other portions of the region appears
to average from 150 to 300 feet in thickness. In no two sections is there found
.the same succession of beds having any constant thickness. - The deepest well at
Aberdeen penetrates the formation to the underlying **bed  rock,” indicating' a,
thickness of 301 feet, lying between 920 and 1,221 feet and pleaealtlng the follow-
ing succession:

Geologic section of Dakota formation in well at Aberdeen, 8. Dak.

Feet.

Dark-gray sandstone, water_.... N SR 15

- Brownish and gray sandstone, pebbly in part, some pyrites and shale... 5. ... 142

Fine gray sandstone e e 23

Fine, hard brown, shaly sandstone .......................................... 72

Fine whiteclay ... ................. e e e e 15
Fine gray sand, no water _........ e el . 54, ’

Quartzite. - - o o ‘

Another report gives 77 feet of clay as constituting the lower part of the 142-foot
series and 37 feet of clay the lower part of the T2-foot series. : .

- In Splnk County many of the deep wells penetrate the sandstone 101 from 40
to 208 feet, traversing thick masses of sandstone with thin bodies of shale. The
Frankfort well penetrates the formation from 800 to 1,008 feet, with the fol]owmg
succession:

Partial geologw section of Dakota formatwn in well at F: ccnlfort, S. DaL

. ~ . Feet.
'Conglomerate, at8()0feet......n.._.........._...._...t .............. e -3
Sandstone ..._.... el R e 122
AT ShAle « o o oo e e e 20
Sandstone ........... e T T .- telii el s 40
Hard shale ..........._..... ) 15
Sandstone .._....... ............................. S 8+

Near ‘Hitchcock are two wells, the Glidden and the Budlong, penetrating to the
granite of an underground ridge of, the older rocks on which there is _thinning
and change of character of the Dakota beds. The successmn is as follows begin-
" ning at the first sandstone below aver, y thick mass of Benton shales:

Geologw section of Dakota formation in Glidden well, th’ree-fourths mile west-nor@hwest of Hitchecock, S. Dak.

Sandstone, at 881 feet - ..o...oli ..o SRS SRR 6
Shale and limy conglomerate ..«......_.. ._\ ........ . 30
White “limestone” ... e L Dl 20

. Yellow sandy shale -....._... . ....... S SRS

FIN
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White sand, main flow ... oot 3
Shale and limestone ... ....... e e e L 62
Coarse SanA . ... e a e 10
White shale and limestone._ . ... .. e 38

Quartzite,

This record was furnished by P. J. Stacy, the borer, whose identification of
materials is exceptionally reliable. The section presents some features unusual for
the Dakota formation. N

Geologic section of Dakota formation in Budlong well 5 miles northeast of, Hitcheock, S. Dak..

N Feet.

Sandy shale, at 776 feet ... ... 10
Hard sandstone. .. ... it aanan e e e iaeicieaaoan 3.
Conglomerate. .. ... ..o i e cee—aoa- 30
Sandstone, soft .......... PR e e B
Dark shale ._....__.. P 10
Sandy shale .: ..ol P 12
White shale. ..o e e eiieiiiiiaaaaa- 19
Conglomerate._ ... .. .. iiiiiiiaaa. U 25
Sandstone, dry...._..... ) i 12 -
‘White shale... . ... ... ... e e e et eeaaaaan 19
Quartzite.

The~ Bohri well in Clark County, a short distance northeast of Raymond,
entered water-bearing sandstone supposed to be Dakota at the depth of 1,005
feet and was bored to ‘“hard rock,” presumably quartzite or granite, at 1,200
feet. The following record is given, which, if accurate, shows a remarkably
thick body of shale below the sandstone:

Geologic section of Dakota? formation in Bohri well near Raymond, S. Dak.

Sand rock and shale, at 1,005 feet. .. oeo oo me e FBG;O -
CLAme Tock T L il 25
SANASEONE - -« oo . e e e e e et e e e e e e e e 3
SRALE - -« e e e e L 90
Green shale with rock layers ... ... ... .o ... ... .. 55

_ Hard rock (*“quartzite’?).

Two wells at Huron in Beadle County have bored through the Dakota sand-
stone into the undetlying quartzite and granite; the following is the record in
one of them: - i

Geologic section of Dakota formation in city wells Nos. 8 and 4 at Huron, S. Dak.

Feet.
Sandstone, with strong flow, at 740 feet. . .. ... il 5
Sandy shale.._.__. SRR AR 1)
Hard sandstone. . .. ...l 12
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. " Feet

Sandstone; MUCh WALET - . ... oottt ieia e aaeaaaanaa——- 65
Gray lmestone ... .t iat e teeecaaciaeacaacaactaaaaaa-n
1S Y ) U _

. 58
Sandstone, thin ... ... . il o i et iae e
ST 0T L
Sandstone ... ... .. iiioiiiiiiiaaa. e et taeeectancaaeveeaaeaeaana 3
Black shale. ... . o it P, 125
Pebbly sand and water. .. ..o i it ieeaaeaaan 9 )
Coarse sandstone on quartz rock or granite ... ... ... ... ... . 30

At Wolsey, 12 ‘miles west of Huron, is another well which is claimed to have
gone to the base of the Dakota formation; the following strata are reported:

Geologic section of Dakot sandstone in well .at Wolsey, S. Dak.

, . Feet
Sandstone, with flow, at 808 feet. .. ... . . .o e 30
CLimestone’ (1) oo i e 20
Sandstone............. e 20
Hard shale ... . oot i 15
Sandstone ........... e L e e e ettt 10
“Limestone” (?) «.oov.oi o 25

At De Smet, on the highlands 80 miles east of Huron, a deep boring passed
through a thick series of sandstone with shale intercalations, probably comprising
the greater part of the Dakota formation and including in its upper beds the
lower portion of the Benton formation.

Partial geologic section in lower part of boring at De Smet,S. Dak.

Feet

Hard sandstone, at 840 feet .. ... ... ... . ... ... . .... e 25

- Benton(?).. Sandstone-...;...‘.....-........_...............:.‘ ............. 120
D )£ 7 U= S 200

720 076 151103 o 1< 271

Dakota..... Hard sandstone .. .. oo oo e 14
SANASEONE . - -« o et et eiaas 140

In Sanborn County many wells have reached the Dakota sandstone; the well
at the mill at Woonsocket penetrated a solid mass of it from 697 to 775 feet, but
had no need to go to the base. A well 2 miles southwest of Letcher reports Dakota
beds from 400 to 863 feet without reaching their base; the material is mainly
clay, including several sandstone layers with flowing water. In the Ashmore well,
southwest of Artesian, the Dakota appears to have been entered at a depth of
626 feet; its upper members are 6 feet of sandstone and 67 feet of shale, lying
on sandstone, which was penetrated 2 feet.

In Davison County the thicknesses are variable and diminish rapidly to nothing
in an irregular area on the higher slopes of the underground ridge of Sioux
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- quartzite, south and southwest of Mitchell. At Mitchell the Dakota formation
appears to extend from a depth of 445 feet to the quartzite at 540 feet, comprising
39 feet of sandstone above and 11 feet of sandstone at base, separated by 50 feet
of shale. In the Smith and Davison well, 4 miles southwest of Mitchell, in a
valley in the buried quartzite ridge, the formation is represented by 40 feet of
sandstone and 10 feet of shale lying on quartzite, the top of which lies at a depth
- of 475 feet. At Ethan only 8 feet of sandstone, which may be Benton, .occur on
the quartzite. In the Lowrie well, northwest of Ethan, the formation appears to
be 92 feet thick, lying on quartzite at a depth of 477 feet.and consisting of a
top member of sandstone about 30 feet thick and a lower series of shales. The
formation thickens rapidly to the west and south, and in the J. K. Johnson well,
8 miles due north of Mount Vernon, the section, without reaching the underlying
bed rock, is as follows: ' ‘ :

Partial geologic section of Dakota formation, north of Mount Vernon, 8. Dak.

) . . Feet
Sandstone, at"350 feet .....__. e e eeaeeeieaaan 70
Shale ...... e e m e eeeeeaeaaaas L 50
Sandstone ... ... ... e e e e 36
1] 0P g 95
Bandstone .. ... ee i il 44+

In Aurora County several wells penetrate the formation a hundred feet or more
and find alternations of sandstone and shales. The well at Plankinton is sgﬁd to
have reached granite at 756 feet; the overlying Dakota, nbeginning at a depth of 538
feet,-appears to comprise 218 feet of beds consisting largely of shale, with several
thin sandstone bodies. At White Lake, beds from a depth of 790 to 850 feet are
l'épo;'ted as sandstone and shales lying on supposed granite. The Storla well, in
the northeast corner of the county, reports beds apparently Dakota from a depth
of 457 to 760 feet, as follows: '

Partial geolngic s’e¢tion of Dakota forméltion n Storla well, Aurora County, S. Dak.

. R Feet.
Sandstone, at 457 feet .. .. . ie i i 13
) 2 R e 60
Sandstone ... i 5
Shale - e e 30
s S e) - S 10
Bhale L e e e et 45
Sandstone-..----...-_.-..-..--...-......-.-..--..-_--.-.....-...-......;.- 10
] 110

- SANAStONE s e e e aee e aana ROT et T 204
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In the DouO‘an well, 4 miles northeast of the Storla well, there ‘were 23 feet of
sandstone on 60 feet of shale, lying on sandqtone In the Bartow well,3 miles
. northeast of Plankinton, the followmg beds are reported:

°

Partial geologic sectum of Dakota formatzon in Bartow well, near Plankmton, S. DaL

" Feet,
Sandstone, at 455 feet ...................................................... 61
1) 0 ) (= 104
IS0 16 (] 0 1= S A Few
Bhale, ebe ... il e i ittt .- 183
Sandstone.......: ....... et aaaaas s 2+

In the Rebley ell 4 mil‘es southeast of Plankinton, ‘the section'iS‘aS follows:

Pamal geologic section of Dakota formatwn in Resley well near, Plankinton, S. Dak.

Feet R
Sandstone, ab 477 feet. o 12
] L 116
D1 £ 05 1 N 5
B S 24 .
D 1 10301 S 89+

-

The for mation is absent in the central and southern portion of Hanson County,
but in its northern and nor theasteln part has been penetlated by several deep wells
and found to consist of from 20 to 53 feet of sandstone lying on granite or giartzite. .
Apparently it thickens 1ap1d1y to the north under the western palt of Miner County
and in the southeastern part of Sanborn County.

In the northern portion of Hutchinson- County the f01mat10n thins out against
the Sioux quartzite slopes, but is more than a hundred feet thick ‘to-the- bOU_th and
to the west.- At Parkston it appears to have been enter red at a depth ‘of 460 feet and
found to end at *very hard rock,” probably quartzite, at 542 feet. Its upper mem- -
ber is a 12-foot bed of eandstone, below which there are alternations of'shalebend '
sandy shales. A later bo11ng gives 35 feet of sandstone on 20 feet of shale, lying on
the quartzite at a depth of 520 feet. At Tripp 110 feet, of sandstone are 1ep01ted
extending from 729 to 824 feet in depth without reaching the bottom of the forma- .
tion. . In the Morris well, 5 miles north by w_ést of Tripp, the formation was pene-
trated from 505 to 595 feet without reaching its bottom. It consisted of sandstone
with muddy layers below a 7-foot shale bed, with a very hard sandstone cap 28 feet
thick at the top. - b o '

.. But little is known of thé thickness or character of the formation in the south-
west half of Turner County, which it underlies. ‘A well at Hurley appears to have
reached its top at a Ade-pth, of 400 feet; 3 miles west of that town a well 513 feet deep.
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is-reported to have passed through 93 feet of sandstone, with some pyrites and shale,
and to have penetrated the underlying quartzite 3 feet.

In Clay County the Dakota sandstone is reached hy many wells, but none of
thém appear to penetrate it for more than 30 to 40 feet.

_ In Yankton County several wells have been drilled 150 to 200 feet into the forma-
tion. At Yankton one of the later borings in the city has reached the underlying
grénite at a depth of 898 feet; in the Asylum well, 3 miles to the north, it is reported
that Sioux quartzite was reached at $25 feet. These data indicate a thickness of 415,
to nearly 500 feet for the Dakota formation. The following record ¢ is given of the
lower beds in the city deep well:

Geologic section of Dakota formation in well af Yankton, S. Dak.

N ) Benton?. ) {Sand rock, at 353 feet. . ..o ... 20

’ ] 5 ) U P 37

THATA TOCK - - - - e e e e e e e e e e e e e e e e e e e 3

Sand With Water . . . ...t et e e—aaaa 15

] 0 ) 1 IR 17

.Sand with water .. .:. .. oee i e e 30

Hard rock . .o 4

1 S LT

o 2

0y RN 1

0 [ PN 26

Hard sandstone ... .. ..o omoa oo el et 10

Sand with Water .. o . .. i e 15

Shale ..o il 20

TN 016 1703 oY S 29

Fine sandt ... e e e 196

L0 2

R B OO 62
Greenish clay. . .. e iiiieeiaaae.

Tough green rock.

In Bonhomme County the Dakota sandstone varies considerably in thick-
ness and presents the usual variability in character. At Springfield it appears to
have been penetrated to depths of from 440 to 592 feet without reaching its bottom,
the upper part consisting of sandstone and shales and the lower 62 feet of a solid
mass of very permeable sandstone containing a vast volume of water. In the
Layson well on the highlands northwest the formation was entered at a depth of 810
and Eupppsed bed rock found at 1,075% feet; the beds consist of an upper member
of 230 feet of sandstone with very little water and. a lower series of sand, gravel,

’

aTodd, J. E., Bull. South Dakota Geol. Survey No. 2, 1898, p. 101.
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and sandstone 1ymg on 38 feet of black mud at the base of the formation. In the
well at Scotland a depth of 680 feet was 1eached passing about 80 feet into Sioux
quartzite and obtaining only a moderate supply of water from the Dakota sandstone.
The following record hegins below a thick body of shales and a succession of lime-
stone and shales and thin sandy layers which continue to a depth of 476 feet

“Patial geologic section in well at Scotland, 8. Dak.

Sandstone and shale streaks with ﬂowmg e 7 S SR 34
Red shale and hard sandstone. ... ... ... ...l s 8
Gray sandstone with flowing water ... .. . . ... oL oliiill.L [ . 40
Pyrites.o.on e 1
Pinkish sandstone............-.-............-.-........ ...................... 31
Limy pinkish sand rock on soft Sioux quartzite .......... L e 12

Some of the wells in Charles Mix County have penetrated the Dakota formation
for greater or less distances without reaching its bottom. The usual irregular alter-
nations of sandstones and clays are reported, the sandstones often thickening to
70 feet, as in the Lake Andes well. In the Hammer well, west of Castalia, a hard

rock with p‘yrites; supposed to be the top of the Dakota formation, is reported at -

from 725 to 755 feet. Next below are 30 feet of shales and 181 feet of water-
hearing sandstone.

As most of the Brule County wells obtain abundant water supplies. from the
upper sandstone of the Dakota formation they do not penetrate it very deeply. At
Chamberlain the formation has been explored for over a hundred feet; some drillers
report, it solely as sandstone, while others state that heavy masses of shale separate
the sandstone layers. - ‘At Kimball sandstone was entered at 900 feet and owing to
the upper beds not yielding as much water as desired the well ‘was contlnued to
over 1,200 feet, all in sandstone.

In Buffalo, Jerauld, Hand, and Hyde counties the Dakota sandstone has been

drilled for water, but only its uppér beds have been penetrated. In Faulk County .
many wells pass into the formation for from 150 to 200 feet and find sandstone pre-
dominating, with shale alternations in some areas. No well has reached the bottom
of the formation.. At Gettysburg, in Potter County, the formation appears .to
“extend from 1,780 to 2,180 feet, and to be overlain, by 810 feet of sandy shales
_with pyrites. The formation consists of -sandstone at the top, then 20 feet of sandy
shale, 40 feet of sandstone, and 90 feet of alternating sandstones and shales to the
bottorn of the well.

At Pierre, in Hughes ,County, two deep wells have recently been completed

" which throw hght on the stratigraphy of the Dakota sandstone, one of them, it is.
claimed, having rPached bed rock. The top of the formation lies 1,180 feet: below
the surface. - :
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. Geologic section of Dakota formation in wells at Pierre, S. Dak.

4 - Feet.
Sandstone, yellowish, at 1,130 feet .. ... o i i iiciiaaaae 10
Sandstone and limestone .................... e A 35
Sandstone, yellowish ... ... ..... e e 10
‘Shale, limestoue,-and sandstone. . . .. e e 30
White sand, soft ... e e 30
White shale and limestone .~.............. P S 25
Granite (supposed), at 1,260 feet .. .. ... . ... ... S [ 260

In another well 900 feet west of this one a depth of 1,537 feet was attained with-
out finding granite. Below 1,325 feet there were penetrated 125 feet of gray shale
and 87 feet of highly carbonaceous shales with some. pyrites and lignite. . From
" these two bOI‘ngb a thickness of over 600 feet is indicated, but the lowermost forma-
" tion may be older than Dakota.

In the well on_the Rosebud Reservation the Dakota sandstone appears to have
been entered at a depth of 2,240 feet and was found to continue to 2,500 feet, a
thickness of 260 feet, without reaching its bottom. All the rock was fine- gramed
sandstone with a few thin layers of shale and some pyrites.

The Dakota sandstone contains abundant plant and molluscan remains in its
out-crops along Missouri River near Sioux City, and in Nebraska and Kansas. An
extensive flora is represented, constituting the typical *‘Dakota flora” of upper
Cretaceous age. The mollusca are fresh-water forms, which occur in considerable
variety, but are not very distinctive as- to age. According to Professor Todd
Gonwbaszs a fresh-water mollusk was found in considerable numbers at a depth
of 785 feet in wells near Esmond. The form is one typical of the formation in the
outcrop region south. Professor Todd also reports that plant impressions were
found in a well near Hitchcock.

Benton group.—Nearly all of eastern ‘South Dakota is underlam by the Carlile,
Greenhorn, and Graneros formations, constituting the Benton group, the exception
being on the higher portions of the underground ridge of Sioux quartzite exténding '
eastward from Hanson County, and along Minnesota River: The group has a thick-
ness of several hundred feet, consisting mainly of dark-colored shales or hard clays,
with thin beds of sandstone, parted near its middle by the very characteristic Green-
horn limestone, presenting a’succession of beds similar to that in the Black Hills,
_but of greatly decreased thickness. Over a considerable area a notable bed of water--
bearing sandstone occurs at or near the top of the Carlile formation, being either
immediately overlain by the Niobrara chalkstone or separated by a small amount
of black shale. <N

. Rocks of the Benton group outcrop e*(tenswely along the south bank of
Missouri River below the mouth of James River and in the valley of the Big
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Sioux below Canton. One .of its most typical exposures is on the south side
of the Missouri, opposite Vermilion, where the thickness is about 250 feet,
and where there is exhibited in the lower medial portion a very characteristic
bed of slabby limestone, 30 to 40 feet thick—the Greenhorn limestone of the
Black Hills and Rocky Mountain region—filled tith the typical fossil Jnocera-
- s labiatus.  (See Pl. XXIV.) Thé basal beds are dark shales, similar to the
Graneros shales of th_e region west, 50 to 90 .-feet thick, and the upper beds are
Carlile shales, about 160 feet thick, containing several thin sandstone layers and
zones of concretions. The group is also exposed at intervals in the bluffs along
the east side of the Big Sioux and southward to Sioux City, Iowa, where 'its -
included limestone has been mistaken for the Niobrara, possibly on account of a
small amount of chalk associated with it. The formation _alsb appears to be near
the, surface under the drift in Minuesota Valley, as indicated by the occurrence
of Prionctropis woolgari in shallow wells about Milbank. = Other outcrops, due to
uplift and erosion, appear along James River and some of the tributary valleys in
Davison, Hanson, and Hutchinson counties. The most extensive of these e\l)osuies'
are along Twelvemile, Enemy, and Firesteel creeks and on' James River in the' ‘
vicinity of-the quartzite. ’
- The principal material séen in these outcrops is a buff or blOWH massive sand- -
stone, exposed for a thickness of 15 to 20 feet at the greatest. The sand is coarse,
there is more or less cross-bhedding, and often small pebbleé ate included—all very
suggestive of the Dakota sandstone. Heretofore, in fact, these sandstones have been
~regarded as a part of the Dakota formation. In well borings near by, however, it
is found that they ‘are uiiderlain by several hundred feet of shales of typical Benton
character, in some cases containing distinctive marine fossils and underlain’ by
typical Dakota sandstone. These sandstones contain some fragments of wood -
and occasional leaves, and undoubtedly are the products of shallow waters, which
continued even as late as the beginning of Niobrara time' along the shore
afforded by the ridge of Sioux quartzite. Sharks’ teeth are reported from' the
associated shales, also indicating marine conditions. Benton shales, associated with °
these sandstones, are exposed at a number of points along Enemy Twelvemlle and
Firesteel creeks and James River.
The formations of the Benton group; as shown by the '1'e'cordsvof the wells,
present considerable variation in local character and thickness.. Apparently the.y‘

thicken considerably to the north and to the west, being thinnest in the area of -

outcrop in the southeast corner of the State. 'In the vicinity of the quartzite”
ridge, in Davison and the counties eastward, they appear to thin out and disap-

pear, overlapping the edges of the Dakota formation - cons1dembly Proba,bly, s

10001—No. 32—056—9
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however, there are some small outlying areas under the drift on portions of the
quartzite ridge. :

In the northeastern portion of the State, unfortunately, the \hobl(ua depoa—
its are not clearly recognized, so that the limits of the Benton group can not
always be ascertained. In the wells at Aberdeen the formations appear to be
400 feet thick, if certain limestones that are given in the records really belong
to the Niobrara, and, on the same basis, the tormation is 480 feet thick in the
Andover. wells. In Spink County the amount is somewhat less, hut it appears
to.he 310 feet in the Cavanaugh well near Hitchcock, and 380 feet in the Glid-
den - well, measured downward from the bed of sandstone which appears to. be
the one that characterizes the summit of the Carlile formation of the Benton
’group in other portions of the region. ’

In Beadle and Kingsbury counties the thickness of the Benton group appears to
vary from 400 to 500 feet, probably increasing to the west, although the limits
of the formations are not defined in that region. In eastern Jerauld County the
Benton beds are 540 feet thick in the Feistner well, 510 feet in the Beug well,
and 471 feet in.the Schmidt well.
~ In central and southern Sanborn County, where the formation is uplifted
toward the surface, the thicknesses vary greatly, diminishing rapidly toward the -
south. In Davicon County the relations are clearly ascertained by numerous
well borings, in which the thicknesses are found to vary mostly from 200 to 300
feet, and the upper sandstone continues to be a characteristic feature. This sand-
" stone thickens and thins locally 'from_20 to 85 feet in the southwestern portion of
the county, and is usually directly overlain by the Niobrara-chalkstone, although
in portions of the area there ‘is an intervening mass of shale, which sometimes
attains a thickness of 50 teet. ' ‘

In the northern part of Hanson County, where the formations of the Benton
" group vary in thickness from 250 to 300 feet, the upper sandstone is a conspicuous
featur;a. In the vicinity of Ethan, in Davison County, the formations are 190 to
9200 feet thick, and at Ethan 182 feet fhick from the chalk ahove to a basal sand-
stone 8 feet thick, which may be Dakota lying on the quartzite. The stratigraphy
varies considerably in this region, there being at various horizons occasional thin
layers of sandstone, some of which yield a flow of water under moderate- pressure.

In Miner County the formations of the Benton group have been penetrated at
Carthage, Whete the chalk was found to be underlain by 30 feet of the Carlile
upper sandstone, and this by 250 feet of shdle with considerable pyrite in layers
lying on typical Dakota sandstone. o : _

In Hutchinson County the formations of the Benton group present their



. "BENTON GROUP OF EASTERN SOUTH DAKOTA. 181

characteristic features, but thin considerably on the slopes of the buried gquartzite

ridge in the northern portion of the county. = At Tripp a thickness of 400 feet is

reported, comprising 100 feet of sandstone immediately underlying the chalk; at

Scotland a thickness of 285 feet, with 25 feet of the top sandstone; and at Vodnany,

a thickness of 305 feet, with the top sandstone very thin. In Turner County the -
formations of the Benton "group are 265 feet thick in two wells near Hurley,

‘consisting entirely of dark shale. In Aurora County they average about 300 feet

thick and ‘usually have from 20 to 70 teet of sandstone at the summit immediately

overlain by. the Nighrara chalkstone. In Charles Mix County the Lake Andes

well has the following record in formatign of the Benton group: .

Gpologw section of Benton group i well at Lake Andes, Sowth Dakotu.

Feet,
Black sha,le, at 237 Ieet ........................ e e ere e aaenaaas 30
Yellow sanidy shale __. o _....__.._..._._..... I L .39‘
Dark shale .. .oo.o....... P e 145
Blue shale, with limestone streaks .. ... _._ ... . S T )
Shelly HINE TOCK - - oo ee e e e e e e e eeas PR IR 25
Blue shale (on Dakota sandqtone) ......................................... L. 70

., In Brule County the Benton group appears to be from 400 t6°500 feet thick and _
includes sandstone layers at some localities. At the Crow Creek well in' Buffalo.
County it is 350 feet thick, with the usual thin bed: of sandstone at’ ‘the- top' just
below the Niobrara chalk. In Bonhomme County the group varies considerably in
thickness, being about 300 feet in the Springfield well and 420 feet in the Layson
well on the highlands northwest of Springfield. In Douglas County 350 feet are
indicated, including a top sandstone of general occurrence underlying the chalk. .
and a gleat mass of shales below with a few thin layers of limestone. These thin
layers of limestone are mentioned in many of the ‘well records in the southern
townships, and probably represent the characteristic Greenhorn limestone horizon..
To the south this limestone includes some chalky deposits like those of the:
Niobrara, but of no great thickness. The top.sandstone is from 38 to 60 feet
thick in wells about Armour. In the wells about Yankton the group appears to
be not over 300 feet thick; and apparently it thins considerably eastward to its out-
-crop area.in Clay County. . : :

- * In Grant County, as recently ascertained by Plofessm Todd, the upper portion
of the Benton group—~Qarlile formation—appears to come to the surface beneath
the drift, for in shallow Wells about Milbank numerous Prionotropis woolgari
oceur. The outerops of sandstones that are reported by the Minnesota geolog-
ical survey in Lyon County and northwest along the eastern slope of the coteau
appear to be.the upper sandstone of the Carlile formation. One exposure, 2
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miles northwest of Taunton, is a thin-bedded quartzitic rock. According' to H. H.
Adair, the following beds are penetrated in the vicinity of Marshall, Minn.:

Geologic section of wells about Marshall, Minn.

Feet. .
0— 70 et blue clay, with sand streaks.
70-170  ieeieo-- ‘‘soapstone,”’ light colored.
170-270 . .oo....o... . ““soapstone,”” dark colored.
270-296 L. eiiaooen “black sand,” or sandy sh.ale, with flow.of soft water.
205415 .. oie...ilo.... ““soapstone.” _ '
415420 4. o aaao-. sandstone, with hard water qnder high pressure. .

The bed of light-colored rock from-70 to 170 teet may represent the Niobrara
chalk rvock, and the lowest sandstone appears to be Dakota. )
The shale exposures on the east side of Bigstone Lake, a mile from its
“lower end, have been examined by Prot. J. E. Todd, who finds that they are lead-
colored shales containing biscuit-shaped concretions, but no fossils. Probably they
- are of upper Carlile age.

At Whiterock, in the northeast corner of Roberts County, about 20 feet of
white ‘‘chalk” is reported, extending from a depth of 280 to 300 feet, underlain
by 200 feet of ‘‘soapstone” lying on granite.- This white *‘chalk” proBably rep-
resents the Greenhorn limestone of the Benton group.

In the.outcrops of the formations of the Benton group fossils occur in consid-
erable number. Along Missouri and Big Sioux rivers the Greenhorn limestone
member contains vast numbers of fnocerainus labiatus, and the associated shales
are often highly fossiliferous, notably in the bluffs of the Missouri opposite Ver-
milion. In the exposures of the upper sandstone in Davison County Professor
Todd has found many sharks’ teeth, and reports the occurrence of a fragment
of Prionotropis taken out of the shale on the east side of James River 14 miles
north of Elm Springs. Fossils are reported from some of the wells, notably the
Ashmore well southwest of Artesian, from near the bottom of which a Muctra
and Fuasciolaria were obtained. In the well at Farwell sharks’ teeth were obtained
at a depth of 400 feet. .In the well 2 miles north of Woonsocket abundant
fragments of fossiliferous limestone were thrown out from 580 feet below the
surtace, which, Mr. T.. W. Stanton reports, contains a small Nucule with .
striated surtace, which may be the young of N. cancellota M. & H., a young
Mauctra, and numerous Lucine of undetermined species. These were found 250
feet below the chalkstone and 100 feet above the main flow. o

Niobrara formation.—The chalkstone of this formation is a prominent feature
in the bluffs of Missouri River above Yankton, as shown in PL. XLI, especially
about the mouth of Niobrara River, and shows almost continuously as far as the
Great Bend, where it passes beneath the Pierre shale at Watér'» level. It under-
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lies the drift along James River Valley as far north as Letcher, and west to
beyond Plankinton, and extends eastward to Big Sioux River in Hutchinson,
Purner, Lincoln, Yankton, Clay, and Union counties, although probably, in the
higher part of Turkey Ridge, it is overlain by a small outlying area of Pierre shale.
In central Davison, northern Turner, and Lincoln counties it abuts against .the
quartzite of the underground quartzite ridge, on top of which it also lies in detached
areas  in portions of Hanson, McCook, Minnehaha, and Moody counties. 1 1t also
a‘ppears' to extend across the greater part of the northwesternmost counties of
Iowa, and along the Towa-Minnésota State line. The formation is cut through by
the Missouri below the mouth of James River, by the Big Sioux below Canton,
and by the James from north of Mitchell to the center of Hutchinson County.
It appears to extend along the east slope of the cotean in the valley of the
Minnesota in Grant County, but is there covered by drift. V
The formation consists maiﬁly of chalk in the southeast portion of the State, but
portions ot it grade into shale, which appears to replace the chalk to the north. It
is owing to this change in character that very few well borings in the north-central
counties report any chalk at all. The purer material is.of white or gray color when
dry, although often of a dull drab when freshly excavated. It weathers to-a bright-
straw color, or in ‘sonie cases a bright buff, which is a conspicuous feature in its ‘
exposures. It is in greater part massively bedded, and is very fine grained and
uniform in texture. Tt is exten.sively employed for building, being easily quarried
and readily shaped by an ax or a saw into suitable building blocks. The chalk con-
sists largely of tests of minute animals, foraminifera, and coccoliths similar to those
of the chalk of Europe, mixed with varying amounts of clay and very fine sand.
The material was deposited in moderately deep nearly clear water, without strong’
currents or other conditions which would bring much admixture of land waste.
In the bluffs along-the Missouri, near the mouth of Niobrara River, the locality
from which the formation was named, it rises in cliffs 50 to 80 feet high, of which
the light-buff. color is in striking contrast to the dark slopes of the Pierre and Benton
shales. ~Exposures are frequent along the river from the mouth of the James nearly
‘to the Great Bend. On James River and the lower portions of its larger branches
the chalkstone is exposed at intervals from Scotland northward to Firesteel Creek in
Davison County. There are numerous exposures on the Firesteel northwest of
Mitchell, and on Enemy and on Twelvemile creeks southwest and south of Mitchell.
It also appears on Wolf Creek, on Dawson Creek near Scotland, on James River
below the mouth of Wolf Creek, and ‘east of Mitchell. It is reported in extensive
exposures on Clay Creek 12 miles northeast of Yankton, on Brule Creek northeast
* of Vermilion, to the northwest of Canton, and on the Split Rock 2 miles north of

Brandon.
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This formation has been.included in or mistaken for the Greenhorn limestone
bed of the Benton by some geologists, an error which has produced considerable
confusion in the literature relating to the geology of the eastern portion of this
region. The Niobrara formation is characterized by the occurrence of small
oysters known as Ostrea congesta (see Pl. XXIV), which usually occur in colonies,
and sometimes on the shells of large fossils, constituting an impure limestone.
The Greenhorn limestone,”as has been explained, is characterized by the occurrence
of large numbers of [fnoceramais Zc&bmtus, a torm which occurs infrequently, if at
all, in the Niobrara. : :

The thickness and structural relations of the Niobrara formation have been
‘determined in part by well borings. The chalkstone is a prominent feature in
the wells in Davison Countv and in the regionssouth, but to the north, as before
stated, it appears to give place to shale, so that, though undoubtedly existing in '
the northeastern. \p01t10n of the State, it is seldom recognized by the well borers.
In Yankton Oounty the wells begin in lower beds and soon pass into the underlying
" Benton deposits. © In Bonhomme County the Layson well in the highlands
northwest of Springfield appears to have entered the top of the formation at a
depth of 90 feet and to have continued in it for 300 feet, including 20 feet of
hard limestone at the base. In the town well at Scotland 120 feet of chalk are
reported, but in that i'egion some of the top of the formation has been removed
by erosion. At Turkey Ridge, in the northeast corner of the county, in one well
215 feet of chalk was reported; at Hurley 100 feet were passed through, and
in numerous wells in the central and southern portions of Turner County equal
amounts of chalk were recorded. . -

" In Hutchinson County the thickness is con31de1ably diminished as the uplift
is approached, but in the western portion of the county, where the Pierre shale
overlaps, the full amount remains. In the well at Tripp 800 feet were reported,
extending from 25 to 800 feet in depth, but probably there was included in this
much of the yellow clay of the lower part of the.drift. In Douglas County the
formation - appears to average nearly 100 feet. It is reported to extend from s
depth of 190 to 300 feet in a well 4 miles north of Delmont, consisting of blue
shaly chalk above and white chalk below, lying on Carlile sandstone. In Charles
Mix County the formation is not very definitely reported by any of the well drillers,
except in the Hammer well, west of Castalia, where it is claimed that chalk extends
_from the depth of 87 to 630 feet, surely a great exaggeration of its true extent.
.In Brule County the formation appears to average 200 feet in thickness. In Aurora
County from 100 to 150 feet are reported, except in the northwestern portion of the
county, where the formation has suffered considerable erosion, and only from 40 to
60 feet remain. In Davison County nearly the entire surface has been 511b]e(ted
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to erosion, for it lies next below the drift. It is usually entered at from 20 to 50
teet below the surface, and varies in thickness up to 260 feet, which is reported in
wells .in the southwest corner of the county. In Hanson County the formation
is very thin, and is absent over the greater part of the summit of the buried
quartzite ridge. .
. In Sanborn County the formation varies greatly in thickness. To the south-
. east it has been partly removed by erosion, and it appears to thin‘l under the
- Pierre shale to the north. In the McCurdy well, at Letcher, it is reported to be
175 feet thick, and in the Ryan well near by only 70 feet. The latter estimate
is probably nearer the truth, for the limits of the chalk are clearly indicated by
the underlying characteristic sandstone of the Carlile formation. In the Woon-
socket” well the only chalk reported is a layer 24 feet thick, extending from a
depth of 412 to 436 feet. :
. In Miner County the chalk appears to be well characterized, having a
thickness of from 70 to 120 feet or more, lying under drift to- the southwest
" and under the Pierre shale to the north. At Canova it is reported at a depth of
120 to 150 feet, lying under drift or a small thickness of shale and having a-
thickness of from 50 to 80 feet. In Kingsbury County the only reference to
chalk in any of the records is in the Matthews well, 4 miles northeast of Car-
thage, where it is reported as extending to 493 feet, and in the Welch well, 3
miles northwest of Carthage, where its top is 420 feet deep. In Beadle County
chalk is mentioned in a. few of the records, but apparently it has given place
-mostly to shale which is not distinguished from the adjoining, Pierre or BentQ‘n.
In Spink County some limestone is reported at an average depth of ahout 450
feet, underlain by sandstone reportéd to be at the top of the Benton, and this
may be the chalk horizon. In the wells at Aberdeen *‘limestone” from 515 to 530
feet, and in Andover from 575 to 590 feet, may possibly représent the Niobrara.
In Missouri Valley above Chamberlain the chalk is not reported hy the weli
borers, doubtless giving place ‘rapidly to gray shales, as in the northern James
River Valley region just described. ' .

In the northeast corner of the State chalk rock, which appears to be Niobrara
in age, 1s reported from some wells in southeast Grant Counﬁy on slopes above
shales yielding Prionocyclaé woolgari. The wells in which this rock is found are’
from 10 to 12 miles south of Milbank. , )

Pierre shole.—This formation extends across the greater part of eastern South
Dakota, appearing extensively in the slopes of Missouri Valley, but being niostly
covered by drift deposits in the country eastward. Its maximum thickness is proh-
ably near the mouth of Cheyenne River, where it is overlain by Fox Hills sandstone.
To the east its surface has heen more or less deeply eroded, especially in the area of -
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uplift adjacent to the lower portions of James and Big Sioux valleys, where it has
been entirely removed from a zone of considerable width.

The formation consists almost entirely of dark-gray clay, hardly sufficiently com-
pact to be termed a shale, and presenting but little variation in its character from
~ top to bottom. It contains occasional concretions, frequent masses of pyrites,
thin streaks of sandstone, and some local chalky deposits to the south. Many of
the deep wells pass through the formation for several hundred feet, the amount
increasing ‘gradually to the north and west of Davison County. In the slopes of .
Missouri Valley above the Great Bend 500 feet of the formation are to be seen,
but below the Great Bend, as the'underlying Niobrara chalk rises in the banks, the
shale diminishes,and a short distance below the mouth of Niobrara River thins out
and disappears. The many variations in its thickness are due mainly to erosion,
the Pierre shale having been extensively and irregularly eroded previous to the
deposition of the glacial drift by which it is now mostly covered.

"It is several hundred feet thick in the ridge lying between James and Missouri
rivers, in Charles Mix, Douglas, and Brule counties. At Armour there are prob- -
ably 170 feet of the formation; at 10 miles north of Armour, 300 feet; in the western
portion of Aurora County, 350 feet; in' Brule County the amount diminisles some-
what, owing to the local uplift; in approaching the uplift in eastern Aurora County.
it thins out entirely; in the highlands of Jerauld County 300 feet are reported. The
amount increases on the higher lands, and the increase continues northward in the
highlands between Missouri and James rivers; but owing to the indefiniteness of the
" well tecords as to the limits of the Niobrara formation in that direction the Precise
thickness can not be stated; apparently it is over 1,000 feet.

In James River Valley about -500 feet are reported-in the wells at Aberdeen
and Andover and about 400 feet in Spink County; but owing to the uncertainty as
to the position of the Niobrara formation the lower limit of the formation is not
clearly récognized in the reports of the well borings. In Beadle County the amount
is materially less and diminishes to the south until finally the formation ends in the
center of Davison County, on the anticlinal uplift of the Mitchell region.

East of James River Valley, north of this uplift, the formation extends eastward
to the margin of Minnesota Valley, dnder]ying the high cotean, where it has a
thickness ‘of several hundred feet. In Kingsbury County it appears to have a
thickness of about 100 feet in the highlands eastward, although its limits in the
De Smet well are not indicated by the record. It appears to extend south through
TLake County to-the quartzite ridge, for it presents considerable thickness in the
well at Madison. It also appears to extend east into Minnesota, for Pierre fossils
‘have been found in the west slopes of Minnesota Valley; and although it has been
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stated by Professor Todd that probably all of these fossils so far reported were
found in the glacial drift, yet they bave not traveled far. About Taunton, in Lyon
County, the fossils are found below the level of the Benton group, and there, as
about Milbank, thex are inclosed in drift deposits.

Exposures of the formation are exceedingly rare east of the 1mmed1ate slopes
of Missouri Valley. In the region of thin drift about Ree Heights and southward
the formation outerops for some distance, and it appears again south of Swan Lake
in Potter County, northeast of Gann Valiey, and on Turtle Ridge, near Wessington
Springs. Professor Todd informs me that shallow streams cut into it in western
Brown County, northwest of Aberdeen, and on Willow Creek and its north branch
northwest of Westport_; in southeastern Brown County, 5 to 8 miles south of Groton;
along James River northeast of Redfield; in northwestern Day County, 2 miles and
4 miles north of Pierpoint; and extensively north and south of Groton. Dark shale,
probably of the Pierre, is reported in the northeast corner of Yankton County,
where it lies on the Niobrara at an altitude of 1,510 feet, and is believed to extend
thence under a considerable portion of Turkey Ridge, beneath the drift. At the
cement works, 3 mlles_west of Yankton, it caps the Niobrara chalk rock, a relation
which it presents in frequent exposures for many miles along the river.

Fow - Hills formation.—There is no good evidence of the existence of Fox Hills
sandstone east of the Missouri, south and east of Campbell County. It is suggested
by Professor Todd that some sand on the high hills north of Forest City and the fine
yellow sand along Swan Creek. southwest of Bangor may be Fox Hills, and that
remnants of them may be found in the Faulkton, Bowdle, and Koto_ hills.

TERTIARY. DEPOSITS.

Evidence as to the existence of the Tertiary formations in eastern South
Dakota is nieager. On the summits of the Bijou Hills are caps of distinctive
. green quartzite of later Tertiary age lying on light-colored sands and sandy clays.
Another area of the quartzite is found on the high ridge due east of Greenwood.
Fossil fish of,éupposed Oligocene age have been obtained from the high ridge
southwest of Ree Heights, but the extent of the deposit in which they were
found has not been determined. ~According to Professor Todd, the high ridge just
west of \Vebsmgton Springs contains depos1ts of sandstone supposed to be older
than the drift and probably of the same age as the quartzite on the Bijou Hills.
It shows the same general 'structure, even to ‘occasional beds of grit between the -
finer layers, and lies on lead-colored Pierre clay. Doubtless much of eastern
South Dakota was covered by Tertiary deposits originally, but they were removed
by the deep and widespread erosion of early Pleistocene times, although in some
areas they may remain, mostly covered by the glacial drift.
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QUATERNARY DEPOSITS.

The portion of South Dakota lying east-of the Missouri is covered in greater
part by a thick mantle of Pleistocene deposits, mainly of glacial origin. There
are several lines of morainal ridges, a nearly continuous sheet of glacial till,
extensive glacial lake depos.its,_ and alluvial accumulations of Glacial and of more
recent age. These formations have been described in detail by Prof. J. E. Todd,
to whose publicatiohs the reader is referred. The greater part of the information
is given in ““The moraines of the Missouri Cotean and their attendant deposits,”
U. S. Geological Survey Bulletin No. 144, 1896; *‘The moraines of southeastern
South Dakota and their attendant deposits,” U. S. Geological Survey Bulletin
_No. 158, 1899; and “Geology and Water Resources of a portion of southeastern
South Dakota,” U. S. Geological Survey \Vater-Supply and Irrigation Paper No.
34, 1900. . :
' GEOLOGY OF EASTERN NEBRASKA

GENERAL RELATIONS. )

Eastern Nebraska is underlain by Carboniferous and Cretaceous formations
bearing a superficial mantle of Pleistocene deposits. The older formations have a
‘gentle slope toward the west, and the overlying deposits are in general conformable
to the easterly slope of the land. ~ Along the Missouri, from Burt County south,
Carboniferous rocks appear and, in the region south of Lincoln, extend west to
Lancaster and (age counties, whereas to the north they pass beneath the Dakota
sandstone. They are frequently exposed in the valleys in the southeast corner of
the State, but on the higher lands are deeply buried under the drift. Towaid the
west their gentle dip and ‘the rapid rise of the land carry themn far beneath the
surface, not to appear again until the Black Hills and Rocky Mountains are reached.
The series of -Cretaceous formations which lie on the Carboniferous beds comprise
the Dakota sandstone, the Benton group, the Niobrara limestone, and the Pierre
shale. The lower member, the Dakota sandstone, reaches the surface to the east
in a zone that passes near Lincoln and occupies Missouri Valley ‘above Omaha.
The Red Beds, the Jurassic, and the lower Cretaceous formations of the mountain
regions are lacking in eastern Nebraska.

The greater part of the surface is occupied by a 'thick mantle of Pleistocene
deposits, comprising glacial drift and a thick cover of loess. West of longitude 98°
there intervenes, between the Pleistocene deposits and the Cretaceous formations, a
series of later Tertiary, *‘ Loup Fork” deposits, which gradually thickens toward the
west. The glacial dritt is thickest in Lancaster County, and thins rapidly toward the
Missouri and to the west, its attenuated margins passing under a thick sheet of loess
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in both directions. Toward the west the glacial drift presents an obscure morainal
front along the eastern side of Seward County, from which a continuous thick
mantle of loess extends far westward. Under this loess mantle there is a thin sheet
of gravels and sands, apparently extending out from the front of the glacial drift to
about longitude 102°, The position of the east margin of ‘the late Tertiary deposits
has not been. definitely ascertained, owing to the cover of superficial materials, and
its representation on the 1ﬁap, Pl XXXV, may be several miles in error in some
localities. The loess has a thickness, in greater part, of from 60 to 90 feet.
The larger depressions which traverse the region contain deposits of alluvial
formations, which are of great width along Platte River. In some portions of the
area there are accumulations of dune sands, of greater or less extent, which,
except for the sand banks in the river and the recent wash and talus, are the most
recent formations of the region.

STRATIGRAPHY.
CARBONIFEROUS.

Carboniferous limestones, sandstoﬁes, and shales reach the surface in many of
the valleys of southeastern Nebraska and along Missouri Valley as far north as the
southern part of Omaha. The rocks consist of a Val'iet'y of limestone heds, with
intercalated shales, sandstones, and clays in a succession which appears to present a
thickness of 1,500 feet or more. The structure and stratigraphic relations of the
Carboniferous formations have not been ascertained as yet, except in a most general
way. Doubtless the investigations now in progress by the State survey will result
in a complete determination of their relations. It is not practicable here to review
the several papers which touch on the geology of the Carboniferous of Nebraska,

but they agree that the age of the beds exposed is Pennsylvanian and Permian,
" the latter appearing in Gage County. The Cottonwood limestone of the Kansas
survey has been traced across a portion of the southeast corner of the State, and
the associated succession of rocks appears to be constant for some distance from
the Kansas line. ) ,

In a deep horing at Lincoln the Carboniferous beds are reported to have
been entered at a depth of 269 feet, and distinctive fossils were obtained as low
as 1,090 feet. Below this depth Magnesian limestones were reported to a depth
of 1,813 feet, presumably in part at least of Mississippian age. They were
underlain by rocks believed to' represent the Trenton; St. Peter, lower Mag-
nesian, and Potsdam to 2,192% feet, where supposed Sioux quartzite was entered
and continued to the bottom of the well at 2,463 feet.
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' CRETACEOUS.

Dakota sandstone.—The outcrop zone of this sandstone extends across eastern
Nebraska on a nearly due north-south course, passing through Lincoln and up
Missouri Valley into the southeast corner of South Dakota. It is mostly covered by
-glacial drift and loess, but appears to have a width of 10 to 20 miles underneath these
superficial deposits, "To the west the formation passes under the Benton shales along
a line that has been only approximatelyl determined, and underlies the region to
the west at gradually increasing depths. It lies directly on Carboniferous lime-
stones, the contact being exposed at a number of’ points, notably at Beatrice, -
at Roca, and at several points on South Platte River below Ashland. One of
these localities is shown in PL. XL, B. _ '

The thickness of the formation probably varies considerably, but appears to
average nearly 300 feet. - In the well at Lincoln it is'penetrated for 269 feet.

The contact line between -the Dakota sandstone and the Carboniferous beds in
eastern- Nebraska presents many steep slopes, indicating an irregular shore line
against which Dakota sediments were deposited. The sandstones are miinly of gray
and brown colors and contain extensive bodies of intercalated clays of various light
colors and local beds of conglomerate. -Owing to their softness the clays are
infrequently exposed, while the sandstones often give: rise to prominent bluffs.
Portions of the sandstone contain’ so much iron as to be frequently mistaken
for iron ore. The Coarselﬂ sandy members usually are cross-bedded. The texturée
varies irregularly from rock that is quite firm, to sand that is hardly consolidated;
in most cases the material is so soft that it can be excavated easily with a pick. A
hed of light-colored quartzitic sandstone 3 feet thick is reported on Whisky Run,
_about 5 miles northeast of Fairbury. Fossil leaves occur in considerable abundance
at many localities, notably in the bluffs at Dakota City, the place from which the -
formation was named and where there were obtained the original extensive collec-
tions of upper Cretaceous plants of the characteristic Dakota flora described by
Heer and Lesquereux. Two other notable localities for leaves are 5 miles south of
Endicott, in Jéfferson County, and near Decatur, in Burt County.

Outcrops of the Dakota sandstone are mostly small and widely scattered.
Beginning at the south, there are exposures about Fairbury, about” Jansen, and at
Beatrice. ‘‘The largest single area is south from Little Blue River, near Endicott
and Fairbury in Jefferson County, just beyond the line of glactal drift. The second
largest is probably Iron Mountain, a few miles southeast of Beatrice.”« Hayden?®
described the exposures along Little Blue River and gave the following section from
the last -exposure, which extended from 4 miles below the mouth of the Big Sandy
to 2 miles south of the State line of Kansas.

aGould, C.N., Am. Jour, Sci,, vol. 9, 1900, p. 429. b First Ann. Rept. U. 8. Geolj. Surv. Terr., 1867, p. 29.
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A, PULPIT ROCK, KANSAS. B. DAKOTA SANDSTONE IN BLUFFS ON WEST SIDE OF PLATTE RIVER, 1 MILE BELOW ASHLAND, NEBR.

Dakota sandstone. Massive porous sandstone with coarse and fine beds and cross-bedding; Carboniferous limestone outcropping in weeds at base.
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Geologic section at Little Blue River, Nebr.

PR Feet.
Yellow and dark-brown rust-colored sandstones with a few leaves........ '50-100
Moderately coarse yellowish-white sand, irregularly bedded ._............ 50
Dark-colored laminated clays with particles and seams of carbonaceous.
matter and beds of carbonaceous clay in beds of 18 inches to 3 feet;
¢ much pyrite and wood -.._... e e e e iiiiiiiiiae. ~30-50
Variegated sandy clays; some seams of e\cellent potters clay; probably .. 50-70

Dark-bluish shaly clay, Permian.

Bones of extinet. saurians are frequently found in these beds, and many
leaves occur in the sandstones of the upper bed. '

In the wcmlbv of Lincoln there are numerous small outcrops at intervals
along the valley of Salt Creek and its branches; at Pleasantdale, in Seward
County; and-at Bennett, at the head of the Little Nemaha. The most extensive
outcrops near Lincoln extend along the Burlington Railroad from Lincoln nearly
to Roca. Some of the largest of these are about the penitentiary and in the
vicinity of the Chicago, Rock Island and Pacific Railroad crossing. The brown
"sandstoné appears on Anﬁelope Creek in the southeastern corner of Lincoln’
County and at the “‘cave” in the southern margin of the city. Between Emerald
ind Pleasantdale the Dakota sandstone rises as a moderately high ridge under
the drift and is exposed in railroad and stream cuts. The beds are extensively
cross-bedded and in some of the exposures consist of highly ferruginous sand-
stonies with complex concretionary structure. There are several exposures of the
- usual brown sandstone on both slopes of Haines Branch Valley .and along the
hollow beginning 2 -miles southwest of Rokeby. At the brick and tile works a
mile southwest of the insane asylum the formation is represented by clays mainly
of mottled pmk brown, and gray, with streaks of sand and sandstone, lying on
a bed of dark-gray clay containing a large amount of organic material; 30 feet
are exposed. There is aﬁothen excavation” in a similar mass of clay in the
southern edge of West meoln, just east of the lake. The evposu'les of Dakota
sandstone north of Lincoln ‘are along Little Salt Creek and some of its branches
south and southwest of Davey, along Rock Creek north of Waverly, and in
depressions along the head branches of Rock Creek northeast of Davey! In all
of these exposures there is seen brown sandstone, excepting in the railroad cut
northeast of Davey, where a mottléd clay is exposed. The only exposures dis-
covered east of Lincoln are in a small branch of Stevens Creek 64 miles east of
Lincoln post-oftice, at an old quarry in the north side of Stevens Creek a mile
and a half above its mouth and in the hollow just north of the railroad a mile
west of Prairie Home. :

The exposure of the Dakota sandstone just south of Bennett, at the head of
Little Nemaha River, is very interesting, The formation Gonsists of very regular
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beds, 1 foot to 2 feet thick, of beautifully cross-hedded sands hardly sufficiently
cemented to be classed as sandstone. The exposure is across a depression from a
bluff of Carboniferous limestone. The relations- indicate that probably there was a
steep shore of the limestone here during the deposition of the Dakota sandstone,
although possibly the two formations are separated by a fault.
" The Dakota sandstone has been reported in many of the wells in Lancaster
. County, and in fact it is one of the principal sources of water supply in the deeper
wells. Extensive springs flow out of it at many localities, notably at Case’s and -
Price’s, near-Endicott; at Robinsons Spring, 4 miles south of Beatrice; and at Golden
Spring, between Takamah and Decatur, which last runs a 6-inch stream. '
In the boring made by the State near Lincoln in 1886 ‘the lower portion of
the Dakota formation was penetrated. According to Mr. B. P. Russell the materials
covering the Carboniferous limestone were as follows: ‘ :

Geologic section of materials covering Carboniferous limestone near Lincoln, Nebr.
Feet. : ) ‘
0 - 4 sandy loam.
4 - 20 -angular greenish sand.
20 - 24% coarser whitigh sand. .
24% — 48} coarse gravel. )
481 — 52 eand, whitish, even grained, in pa,rt rounded.
52 - b7 | coarse gravel.
57 - 74 |fine yellow sand. .
74 -100 lighter sand. : : .
100 -112% coarser dark yellow sand; gravel and iron pebbles.
1124 -133%. white sand and gravel, with brine at 119 feet.
133§ -135  yellowish-white sand.
135 -147% yellow sand; small pebbles.
147% 164} coarse yellow sand and gravel.
164} -1793 yellow sand.,
1793 -195 white sand; gravel.
195 —202n very coarse gravel ... _._..__... }C taining brin ‘250. ¢ a
202 -205 coarse gravel and conglomerates.. ontaining r.1 €007 strong How.
205 -206% coarse conglomerate with chalky, flinty pebbles.
206} 2082 soft gray sandstone.
20832 ~209% reddish clay.
209} 214} light-drab clay.
2144 ~244} fine-grained, gray, very soft sandstone.
244} -247% greenish-drab clay. '
247} 267/, fine-grained, reddish, very soft sandstone.

L

&

[

26752695 sa,nd) gray clay lying on chert, shale, and limestone.

It is thought that the top of the Dakota formation was entered at a depth of 48:}
feet, bul the evidence is by no means conclusive.
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The Dakota formation outcropsatintervals along the bluffs of Platte River, from
just below Ashland nearly to Plattsmouth, lying on an irregular surface of Pennsyl-
vanian limestones and shales. The rocks consist of sa-ndsto_hes’, clays, and gravels.

Along the railroad cuts on the south side of the river between Ashland and South
" Bend theré are high bluffs of the massive cross-bedded sandstone, at the base of .which
the older limestonés often appear. PL XL, B, shows a typical portion of this expo-
sure. On the opposite side of the river, at Santee Caves, 60 feet of sandstones are
exposed. Below South Bend the Pennsylvanian rocks rise higher, and the Dakota
clays, sandstones, and gravels are from 5 to 50 feet thick under the drift. Both con-
tacts are extremely irr egular, especially the lower one. Near Cedar Creek and ’
Springfield there are extensive gravel beds, probably marking old stream courses in
the Dakota deposition.” Professor Gould ¢ gives the following description of a typical
exposure in the quarry a mile west of Cedar Creek: ““The lower 15 or 20 teet con-
sist of an e‘ctremely hard conglomerate, usually cross-bedded. The pebbles compos-
ing the conglomelate are smooth, waterworn, usually white or yellowish quartz.

They vary from the size of a walnut to a very fine sand.” Over this lie 30 to 40 feet
of material of similar composition, but mostly very loosely cemented and containing
smaller pebbles and some sand layers; which is extensively excavated for ballast on
the railroads. The most westerly exposure of the sandstone in the Platte Valley is in

the south bank of the river, near the bndge 2 mlles south of Fremont; this is pr obably
- near the top of the formation. .
- Along the right bank of the Missouri are flequent exposures from above Blair
to Ponca, the fornmtion sinking beneath the valley floor a - short distance above the
latter place. A mile north of Decatur, at Blackbird Hill and'at the old Blackbird
Misston, the river cuts into banks of Dakota sandstone. According to Hayden, 60 to
80 feet, consisting of soft sandstone with some very hard layers and considerable clay,
are exposed near the Mission. At Tekamah the creek exposes 50 feet of the forma-
tion, consisting entirely of dark-brown sandstone. In a section 5 miles southeast of
Homer Professor Condra reports 37 feet of Dakota beds, the upper half consisting
of thin beds of sandstone and brown clay and thelower half of massive cross-bedded
sandstones, varying in texture from sand-to hard rock and presenting various tints of
light gray, buff, and brown. TIn the quarry just northwest of Homer the following
section is reported: '

PIm:ml geologic section of Dakota formation in quarry northwest of Homer, Nebr.-

Feet

+ Clay of yellowish color .. ... . o ool R, 2
Sandstone, light colored, porous, massive, and not cross-bedded. ... .. - 7
Clay, light colored, concretionary .._._._.__.. e e 2

N s’
« First Ann. Rept. U. S, Geol. Surv. Terr., 1567, p. 431.
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. Page
Sandstone, light colored, porous, massive, and not cross-bedded . ................. 10g :
Clay, light colored, sandy, yellowish in places, with hard layers of iron conecre-

tions 1 to 12 inches thick. ... ... ... e ..-. 28
-Cld}v, yellowish, with a few iron coneretions. ... ... ..oc.c.o.oiiii... ... 5

Sandstone, light gray to rust colored, massive, cross-bedded, with several layers of
(V17 e e e e . 20 .

&

The lower bed of sandstone in this section rises high in the blufts some 6 or 7
miles southeast of Homer. Professor Condra gives. the following section in the
quarry at Jackson, Dakota County: ‘

. Partial geologic section of Dakota beds at Jackson, Nebr.

Feet.

Glacial clay.
Sandstone, Tusty - ..o .oouiiiiioeeaaaaas e e e, -1
Sandstone, light colored, loosely cemented ... _..._ . .. .. .. ... ... 2
Sandstone, rusty to light cplof, soft beds 2 to 8 inches, with thin partings of

Tight-COlOTed CLAY « v m e ae e aa e mese o e ee e amec e ceaeaanas P, 8
Clay, sandy, light color e 3
Sandstone, soft, light colored - ... . ... ... e 1%
Sandstone, clay or sand, color rusty to light ...._......... e 3

A thin bed of coal is reported 30 feet below the floor of the quarry.

The Dakota formation is reached by numerous wells in northeastern Nebraska,
mainly in the northern portions of Cedar, Knox, and Holt counties and in Boyd
County. Its top in some of these wells is at the following altitudes: Miller well at
Aten, 840 feet; Santee, 750 feet; Niobrara, 700 feet; Lynch, 680 feet. This indicates
a rise of 7 feet to the mile easterly from Niobrara to Ponca, where the top of the
formation reaches the river at an altitude of 1,135 feet. Between Niobrara and
Lynch, the beds appear to be nearly horizontal, and west of Lynch they appear to rise
slightly. By combining the thickness-found in a well with the surface outcrops the
thickness of the formation at Ponca appears to be 375 feet. At least 300 feet are
found in the well and outcrops at Sioux City, Iowa.

Benton group.—The Benton group immediately underlies the drift in eastern
Nebraska in a belt of considerable width, but owing to the softness of most of
its materials and the heavy covering of superficial deposits, exposures are very
rare and limited. South of Platte River there are only a few outcrops, and
north of that river there are no exposures until the banks of the Missouri are
reached, where for several miles the formation shows in occasional bluffs of
considerable prominence. o

The succession of beds is similar to that which is seen in the Rocky Mountains
and in the Black Hills, but presents local modifications and greatly diminished
thickness. At the base there are black fissile Graneros shales lyiﬁg on the Dakota
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sandstone and apparently averagirig about 60 to 200 feet thick. These are capped
by a thin but characteristic and persistent series of limestones filled with the casts of -
shells of Inoceramnus labiatus, and therefore believed to be the precise equivalent
of the Greenhorn limestone of the Black Hills and of southeastern Colorado.
(See Pl. XXTIV.) This limestone appears in the bluffs opposite Vermilion and
at intervals sounth of Platte River, notably on Coon Creek at Milford, on Big
Blue River below Milford, on West Blue. River in the northern portion of Saline
County, on Turkey Creek, on Little ‘Blue River in Thayer County, and east of
Powel and south of. Rose Creek in Jefferson’ County. Overlyin_g the limestones
" there are about 200 feet of dark shales, with a few thiri' sandstone layers, which
appear to be exposed only along the Missouri; they present the characteristics of
the Carlile formation of the region west, usually having at or near the top a
distinct bed af sandstone sometimes separated from the Niobrara chalkstone by a
small thickness of shale. _
The relations of this sefies'along the Missouri, in Dakota, in Dixon, and in
Cedar counties, has' recently been studied by Prof. G. E. Condra, who has
furnished the following details: The Graneros formation in its outerop zone is
~ from 50 to 60 feet thick, but thickens to the west, she'wing 78 ‘feet in the Niobrara
- well (at 442-520 feet), 98 feet in the Santee well (at 502 to 600 feet), and 90 feet
in well at Lynch (at 610-700 feet). It consists mainly of very dark-gray to
" bluish-gray c'lay'or soft shale somewhat harder in texture in its upper and in its
lower portions. The Greenhorn liméstone usually is from 18 to 20 feet thick,
-not .inclu'ding some shaly transition beds.' Its rocks consist largely of carbonate
of lime with admixtare of clay and some sand. The upper beds are moderately
hard, somewhat iron stained, weather to a dirty gray, and are filled with the
impressions of the fossil everywhere so characteristic of this formation, Jnocera-
fnus labigtus. (See Pl. XXITV.) This member gives rise to local cliffs often of
considerable - prominence: The lower beds of the Greenhorn limestone are more
massivé, softer, and more chalky, some portions resembling the Niobrara chalk
rock. Owing to this .resemblance several geologists have confused this formation
with the Niobrara. The Greenhorn ledge was found capping high hills in Dakota
County, from which it gradually descends on a westerly dip and passes beneath
the river level n01tthea§t of Newcastle, In a bluff three-fourths of a mile north-
west of Ponea 19 feet of Greenhorn. limestone is exposed over 50 feet of
. Graneros black shale. A similar exposure occurs in the river bank at the line
between Dixon and Dakota counties. The Greenhorn limestone has been recog-
nized by Condra in the wells at' Niobrara at from 410 to 492 feet; at Santee,
445% to 502 (7) feet, and at Lynch, 588 to 610 feet. | N
10001—No. 32—05—10 ~ - -
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The Carlile formation appears’in eastern Dixon County, overlying the Green-
horn limestone, and attains a thickness of about 170 feet where it passes undet
the Niobrara chalk rock. Ta the well at Niobrara it is 210 feet thick and in
© that at Liynch 288 feet, extending from 282 to 570 feet in depth' The materials
are prmmpally dark- -gray and bluish-gray stratified clays with two zones of fos-
siliferous chalky shale: - Sandstone beds of variable extent and character usually
occur at different horizons, but generally near the top, as just west of Vermilion
Ferry. Large calcareous concretions mark two horizons,’ respectively 50 and 60
feet below the top of the formation, the upper carrying numerous concretions
f;‘ém'2 to 8 feet long and a foot or more vthick, and the lower others less numer-
ous and smaller. These horizons pass benedth the river level between St. James
and St. Helena. Considerable iron pyrites occur in the shales in thin layers and
concretions. In a bluff at the *Tonia Volcano,” near Ionia,.137 feet of the for-
mation are exposed, lying on a few feet of Greenhorn limestone with 15 feet of
bluish shaly passage beds. The top of the formation emerges from beneath the
river level at a point about 4 miles above St. Helena, and rises gradually to 140
feet above the river a short distance west of Newcastle. The contact with the
'ovellymg Niobrara chalk is: defined by a very abrupt change in the (halauter of
the materials from _soft ahale to compact chalk rock, a feature well exposed in
the high bluft northeast of St. James. The Carlile beds contain numerous fossils
at some localities, comprising Prionocyclas, Ostrea, fnoceramz, and Serpula. Some -
further features of the formation in Missouri Valley are given in the well ie,cords
on pages 277-278 aud in the following general seutlou by Prof. J. E. Todd:

,Generalwed geologic section of Benton group and associated formations along Missouri T/alley from the
mouth of Bow Creek to just below . the mouth of Ayoway Creek Nebraska.

_Formation. : : Materials. © |, Thickness.
’ . e ’ Feet.
Niobrara ........... Chalkstone, mostly pure, thick bedded; lower beds hard....... 40
o |(Blue shale with gypsumerystals..___.___.._.____._ SO s 35
éarlil ' Blue shale with. zone of large lenticular concretions below a.nd - 10
€ e smaller concretions above.
Blue shale with scattered concretlons containing Prwnocyclaa, 100+
s Ostrea, large Inocerami, Serpule, Pinna, ete., merging into
Blue chalky shale with few. Inoceramus labiatus, merging into . _: 4
Greenhor wewwn. ... Hard slaty limestone and hard calcareous shale with many 12
' ' Inoceramus labiatus, merging into ’
oo T Blue chalky shale with some Tnoceramus labiatus, mergmg into.|” = - 12
Bluish shale -....oo oo e coli e e 29
Graneros .. ......... Dark carbonaceous shale........... eeeeemaeenanl L RTINS KU 2
’ Sandy dark shale....._.._...__ e et I 13
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A. PIERRE SHALE LYING ON NIOBRARA CHALK ROCK ON BANK OF MISSOURI RIVER, NORTHEAST OF LYNCH, NEBR.

The Niobrara is the more massive rock below; the illustration shows the abrupt change to Pierre shale. Photograph by G. E. Condra.

B. NIOBRARA CHALK ROCK LYING ON CARLILE SHALE ON BANK OF MISSOURI RIVER, NORTHEAST OF ST.JAMES, NEBR.

The contact 1s at the man’s hand; 1he illustration shows the abrupt charge from ane formation to the other and the massive character of the chalk.
Fhotograph by G. E. Condra.
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In southern Nebraska the: Benton series has not been éxami_ned, except at a few.

points. The outcrops of Greenhorn limestone have already-been referred to.e The
Graneros shaleg outcrop in a few areas in Jefferson and Thayer counties. In a'well
_in the southwestern corner of Jefferson County 200 feet of dark shales, probably
- representing the Graneros formation, were penetrated, lying between the base of the

Greenhorn limestone, at a depth of 50 feet, and the top of the Dakota sandstone,

at a depth of 250 feet.

Niobrara formation.—This formatlon appears to extend across eaatern Nebraska
in a broad band under the Tertiary and later dep031ts It is expand for 125 miles
along the valley of Republican Rlvel from Indianola to Superior, but to the north
is seen only in Loup Valley near Genda until Missouri and Niobrara rivers are

reached in Holt, Knox, Cedar, and Dixon countlea, where there are extensive.

exposures.

The material is mamly -a soft limestone, chalk rock, or limy clay, presenmng}

considerable variation in composition from place to place. It appears to average

about 200 feet thick so far as could be estimated, but data bearing on this point are

tew. The rocks weather to a very characteristic light-cream to straw color, which

is conspicuous in the bluffs about the mouth ot Niobrara River, where the formation
- received its name. ‘ ’

The principal fossil is a chalactel istic small oyster, Ostrea congeem, ogculrmg"
in colonies, with the individuals so tightly packed. together that they give rise to’

limestone layers. (See Pl XXIV, 4.) Some other shells also occur and large

numbers of remains of fish.and reptiles. The purer- varieties of the chalk rock
consmt mainly of the tésts of cocoliths and forammltew snmlal to those Whlch oceur’

in the chalk of Europe.

The formation has recently been studied in detail in Missouri Valley by Plot
.G."E. Condra, who has furnished the following data: The principal material is.-

a lead-gray chalk rock, which weathers yellowish. There is a variable mixtare
of sand and clav and thin local layers of hard limestone filled with Ostrea
congesta. abound in its upper, beds. The base. of the formation usually is a

moderately firm sandy . limestone. The purer chalk occurs in irregular. bodies
varying in thickness from 1 inch to 6 feet and mierging laterally into untedl

deposits. It has a tine texture, low specific gravity, and a characteristic hollow
sound when struck with the hammer. The first exposures eastward are in the

hills southwest of Vermilion Ferry, about 100 feet above the river. Northwest

of St. James u thickness of about 130 feet remains lying 70 .feet above the
river. There is a low westerly dip from this place to Niobrara, heyond which

«aIn his report for 1867 Hayden refers to the lxmestone on hilltops in western Jefferson County eomposed of closcly
packed Tnoceranius problemations.

‘b The chalky rock capping hills in Dakota County, referred to as Niobrara b\ Meek and Hay dm and others, proV es
to be Greenhorn limestone, ax already explained, -

\

(&3



148 GEOLOGY AND UNDERGROUND WATER OF CENTRAL GREAT PLAINS.

the formation appears to lie level for some distance and then to rise gradually.
At St. Helena the hase of the Niobrara chalk rock is 30 feet above the river;
a few miles above that place it passes beneath the river level. Its full thickness
to the overlying Pierre shale in this district is about 200 feet, being 195 feet in,
the boring at Lynch and 205 feet in the well at Santee. In northern Cedar
and Knox counties and westward up the river there are frequent high bluffs of
the formation, the bright-yellow color of which is a conspicuous feature in the
landscape. The formation passes below the surface to the southwest, its top
béing 105 feet deep at Lynch.

Pierre shale.—The eastern margin of the Pierre shales extends into eastern
Nebraska. probably approximately to a line extending from Indianola, in Redwillow
County, to the western margin of Cedar County, but, as it is overlain by Tertiary
and later deposits in the interval, no details of this margin can be outlined.
There are exposures along Republican Valley from near McCook westward and
along the slopes of Missouri and Niobrara valleys in Knox, Holt, Boyd, Rock,
and Brown counties. The principal material is a dark-colored shale or clay.
presenting some local variations in character in its lower beds. Its surface has
been extensively exposed to erosion in eastern Nebraska, and only a small thick-
ness - remains there, but as its base descends under the central and westerns
_portions of the State it attains a thickness of a thousand feet or more.

Along the Missouri, in Ponca and in Niobrara valleys, in Knox, Holt, and
Cedar counties, there are numerous exposures, these valleys heing largely
excavated in the formation. In this region there is a lower member lying on the
Niohrara chalkstone, consisting of very dark clays varying in thickness from 10
~ to 30 feet or more, to which Hayden has called attention. This is overlain 13_\'
- lighter-colored clays with thin seams of iron oxide averaging about 100 feet thick.
" Next above is an unusual feature in Pierre stratigraphy-—d series of light-colored
clays containing impure chalky beds weathering to buffish and reddish tints, about
100 feet thick, and -in many eutcrops somewhat resembling Niobrara formation,

TERTIARY DEPOSITS. '

’Very few facts have be’gn obtained as to the extension of the Arikaree and
other later Tertiary formations in eastern Nebraska. They are absent east of
longitude 97, and to the west of this meridian there is such a deep covering of
‘loess and sand that the underlying formations are'rarely exposed. In Knox, in
Boyd, and in northern Holt counties, on the slopes of Missouri and of Niobrara
rivers, there appear sandstones, grits, and clays of various kinds, which probably
" represent the Arikaree formation. The most eXtensive exposures are in the Twin
Buttes, west of Butte, and in’ hills south of that town.
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The rock is a massively bedded,'light-colored sandstone of very :ir:regplar
structure cemented by carbonate of lime, underlain by a mixture of sand and
clay of light-greenish, grayish, and pinkish tints. At some points a fine-grained
dark-greenish-gray to olive-colored quartzite occurs in irregular masses, a rock
similar to that reported on Minnechadusa Creek near Valentine. This green
quartzite again appears at intervals south of Niobrara River, in the northeastern
-corner of Holt County, and on the high ridge east of. Verdigre, and has been
reported by Professor Todd¢ as capping a butte in the northeast corner of Knox
County. !

This peculiar rock, with its characteristic fine grain, green color, and conchoidal
fracture, appears to be the same as that occurring on the Bijou Hills and on their
west extension in South Dakota. It-is stated that soft sandstones of supposed -
Arikaree age outcrop at Fullerton, and possibly the formation will be found at
various points alofig the north side ‘of the lower portion of Loup Valley.

In" the vicinity of the ninety-eighth meridian, all the way across Nebraska,
sands, which in most: cases are doubtless of later Tertiary age, are reported in many
of the well records, lying beneath the superficial formations. Their identity is not
yet established. '

QUATERNARY DEPOSITS.

The Quaterr‘xaryideposits which cover the greater part of eastern Nebraska with
a thick mantle have not been studied in detail. Prof. J. E. Todd, in a report on the
moraines of southeastern South Dakota, gives much information regarding the
contiguous portions of northeastern Nebraska, and to t{his publication the reader is
referred.? ‘ ) A

GEOLOGY OF CENTRAL AND WESTERN KANSAS, -
GENERAL STRUCTURE.

The geology of Kansas has many features similar to those of Colorado and
Nebraska, ‘but several of the formations present important differences in structural.
relations and stratigraphic components, due to gradual change to the south and east. . *
The eastern part of the State is crossed by a broad belt of Carboniferous limestones,

shales, and sandstones from Mississippian to Permian in age, dipping gently to the - -

west or slightly north of west under the younger formations. These latter comprise
a series of upper Cretaceous members from Pierre shale to Dakota sandétone,‘whjchl
lie directly on the Permian beds, excepting locally, where they are separated by upper
members of the Comanche series of the lower Cretaceous. In general they dip
gently to the northwest, and, owing to this dip, together with the rise of land to the

aTodd, J. E.. A green quartzite from Nebraska: Am. Geologist, vol. 3, p. 60.
bTodd. J. E., Bull, U. 8. Geol. Survey No. 158, 1899.
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west, the.mass of formations thickens to the northwest. West of the ninety-eighth
" meridian nearly all the higher lands are covered by Tertiary and Pleistocene deposits
to a thickness of from 150-to 250 feet. ' \

STRATIGRAPHY.

. The following list sets forth the order, age, and principal characteristics of the
formations: ooy . : : .

/

Table of geological formations in central and western Kansas.

Age. ' Name. : Principal characteristics.
J(Sand hills ... . .. ..o Sand, mainly in dunes due to wind action.
Alluvium. . e Sand, loam, and gravel in valleys; talus on
Quaternary ............. ) N slopes. ‘
Loess......o il Fine sandy loam, ©f pale brownish-buff
' color.
. : L t Equiis beds....o.o..o........ Sands and sandy clays. .
" Pliocene:....cociceeannnn Ogalalla formation, comprising | Calcareous grit, sandy clay, and sand.
B Tertiarygrit, mortarbeds, etc. |- ’ ~
Pierreshale . ... _....._... Dark-gray shale or clay.
: Upper Cretaceous - . .. . . Niobrara formation........... Chalk, soft limestone, and shales.
‘ . Benton group . _..__......._.. Shales, limestones, and sandstones.
o Dakota sandstone . ... ... Sandstones and shales.”
Lower Cretaceous . ...... Kiowa-Cheyenne (later Co- Do.
. : . manche) series.
Cimarron series (Permian)....| Red sandstones and shales.
boni Permian.._ ... ... ... ... Shales and limestones.
Carboniferous. - - TR Cottonwood limestone. .. .. .. Limestone.
‘Waubaunsee group-.......... Limestones, shales, sandstones, and thin
- . coal beds.

, PERMO-CARBONIFEROTUS.

Limestones and shales of this age extend in a wide belt across central eastern
Kansas. There they are comprised in several formations, the uppermost of which
are the Wellington shales and the Marion formation. The Wellington beds are
mainly slate-colored shales which have a thickness of about 200 feet to the north
and of 445 feet in the southern part of Sumner County. They pass beneath the
Dakota sandstone north of Reno County and merge into the Red Beds southward.
The Wellington shales are underlain by the Marion formation, which consists of
light-colored. limestones, shales, and marls, containing extensive deposits of salt and
gypsum,. The thickness of the formation is 300 to 400 feet. In some portions of its
area a considerable proportion of its beds is salt.

.
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.Ciimarron _formation.—In the southern part of Kansas, from Sedgwick and
Sumner counties westward, the Dakota sandstone and the Comanche series are
underlain by Red Beds which thicken rapfdly to the westward. They are the
surface rock in Harper and in the greater part of Kingman, Barber, and Comanche
counties, but pass undev the vounger formations to the north and the west. The
material is mainly sandstone and shale of dark-red color, containing thick heds of
gypsum. The total thickness in western Kansas is not known, but is probably at
least 2,000 feet. The Comanche and Dakota formations lie unconformably upon
the surface of the Red Beds. According to George I. Adams¢® these Red Beds
merge into the Wellington shales and other Permian beds in Sedgwick and
Sumner counties. How far they extend under the ‘Dakota sandstone to the
northwest is not known, well borings not baving given decisive evidence in this
regard much beyond Arkansas River.

CRETACEOUS.

Comanché series.—The upper formations of this series of lower Cretaceous
rocks underlie the Dakota sandstone in a portion of central-southwest Kansas, out-
cropping under the edge of the. Tertiary deposits in Clark, Comanche, Kiowa, and
Barber counties. Apother small area underlies the Dakota formation in the
northwest corner of McPherson County. In southwestern Kansas there is an
upper member, con515t1n0' mainly of shales, known as the Kiowa shales, which -
has a thickness of from 125 to 150 feet. The upper beds of this formation are
yellowish-gray shales, with thin layers of fossiliferous limestone, which are either
yellowish or pinkish in color. These beds are underlain by black and bluish-black
to gray shales, having a thin hard stratum of sandy and calcareous matter at the
bottom. The lower formation is the Cheyenne sandétone, which is composed
mainly of coarse materials, usually of light color and of relatively soft texture.
Tts thickness varies from 40 to 60 feet. It is not unlike the Dakota sandstone
in appearance and weathers with somewhat similar aspect, but usually is of lighter
color. The lower Cretaceous in McPherson County consists of the Kiowa shales,
which are caleareous and contain much shale or limestone; they lie on the Well-
ington shales without the intervening sandstone.

Dakota formatwn —The Dakota formation underheb the Westeln half ot Kansas,
outcropping in a zone 12 to 20 miles wide, extending from Washington County south

" and southwest to Arkansas River, in Rice and Barton counties, and thence up Arkansas
Valley to Ford County, where it passes under the Tertiary deposits. It again

appears in the valleys of Cimarron River and some' of its branches near the Colorado
[ ! .

) aAdams, George I., The Carboniferous and Permian age of the Red Beds of eastern Oklahoma, from stratigraphie
evidence: Am. Jour, Sci., 4th ser , vol. 12, 1901, pp. 383-3¢6. \ :
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State line. North of Arkansas River, in northwestern Kansas, it passes beneath
the Benton, Niobrara, Pierre, and Tertiary formations, probably lying more than
2:,000 feet below the surface in the northwest corner of the State. In north-central
‘Kansas it lies on the dark shales and salt beds of the Wellington formation and to
_the south and southwest on the red beds of the Cimarron formation, in places with
intervening masses of the lower Cretaceous (Kiowa and Cheyenne).

The Dakota formation consists mainly of sandstone, but there are also associated
shales of considerable extent. The stratigraphy varies so that no very distinct sub-
divisions can be established. At the top of the formation, as defined by the Kansas
geological survey, there is a thin bed of sandstone, usually not much more than a
foot thick. Next below are shales containing so much gypsum in loose crystals and
thin seams that this member has. been called the *‘gypsiferous horizon.” Tts
thickness varies from 10 to 20 feet. Next comes a series of shales containing much
salt, which gives rise to many salt lakes and marshes and saline springs. The shales
vary in thickness from 15 to 80 feet and are often underlain by a thin bed of lignite,
which is sometimes 2 feet in thickness. The lignite is associated with shale, but often
lies on or between sandstone. The characteristic member of the Dakota formation
lies next below. It is a thick mass of sandstones with intercalated beds of clays of
various kinds. The relations of the shale to the sandstone are exceedingly variable,
but in the eastern part of the State well borings show first a series of sandstones,

.next a mass of shales of considerable thickness, often amounting to 100 feet, then
4 second sandstone, 50 or 60 teet in thickness, and then an alterdation of sandstones
and shales, amounting in all to 300 feet or possibly somewhat more.

The colors of the sandstones are usually gray or buff, but in places they are
.very red and sometimes portions are perfectly white. The material is quartz sand of
varying degrees of fineness. /The cem'enting material is calcareous and varies con-
siderably in amount, portions of the stone being hard and resistant and other
portions soft and crumbling. - As a rule. the rock is very porous and presents most,
tavorable conditions for the storage of underground waters. Some outcrops of sand-
stone in the head of Medicine Lodge River, in the southeast corner of Kiowa County,

“are doubtfully referred to the Dakota; they lie directly upon upper members of
the Comanche series.

Beniton groqu..—The Benton group consists largely of alternations of shales,

- limestones, and sandstones', most of the shales b’eing of dark color.. The formation
extends in a wide belt diagonally across the State from Republic County into Ford -
and Finney counties, where it passes under the Tertiary deposits, reappearing again’
along the valley of Arkansas River in Kearney and Hamilton counties. The thick-
ness of the formation is probably somewhat variable, but averages about 400 feet. |
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The following table gives the components of the Benton group in Kansas, as
deseribed in the Kansas geological sun'ey reports, w1th indications of the forma-

tional equlvalentb
" Table of member3‘0f Benton group.

Formations. . : Local subdivisions. . Thickness,
_ - ' ' i R : : LFeet.
Carlile shale oo . {\ 1ct0r1a or Blue Hill, shales. ......................._.. 100
Ostrea shales. .. ... e © 150
Fence-post horizon . .............. S B
) | Inoceramus horizon .......... R PR 40
Greenhorn limestone .. _...___. K Flag horizon ................. I e 10
Shales . .woooeemie e, e

G;aggros'shale ................ Shales......oeooieonan. ettt Ceeeians 45

The uppe1 most formation of the Bennon group in Kansas consists almost entir ely
of shale. Two local divisions are recogmzed The upper one, the Victoria, or Blue
Hill, consists of Joose shales of dark- bluish-gray color, characterized by the occur-

rence in their upper portlon of numerous concretions, a feature which continues
throughout the formation in Kansas as well as in adjoining States. These concretions
are _lens-shaped and vary in size up to 4 or 5 feet in diameter. They are dark colored
and consist Jargely of carbonate of lime, some of them exhibiting cone-in-cone-
structure. Often they are hollow, or consist of geodes lined with calcite crystals, or h
are traversed by cracks filled with calcite or other minerals. They frequently con-
tain fossils of typical late Benton forms, including several Scaplites, Prionotropis
woolgari, and Inoceromi. The upper division is ‘undexlain by another. series of
shales, termed the Ostrea shales in the Kansas reports. These consist of clay or soft
shale of dark-blue-gray color, containing occasional thin beds ot hmestone and have
an average thickness of about 150 feet.

They are underlain by a series of limestones and shales, of which the upper
bed is known as the *“Fence-post” horizon. This is a sheet of limestone aver-
aging 9 inches thick, which readily splits into masses suitable in size and shape
for fence posts and flagstones. ' o

Next beneath is the Inoceramus horizon, con51stmg of limy shales, mcludmg
several thin beds of limestone separated by thin beds of shale. The:limestone is
filled with impfessions of Inoceramus lobiatus (shown in Pl. XXIV), a fossil which
occurs also in other. medial members of the Benton group, but characterizes the
Inoceramus horizon by its great abundance. ' '
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The Inoceramos beds are underlain by the .“Flagstone” horizon, a member
consisting of several layers of limestone, separated hy.thin beds of shale, having
in all a thickness of about 10 feet The limestone is white or of light. cream
color, fine gramed and hard, and has been used extenblvelx for flagstones at
many places in central Kansas. It is underlain by the Lincoln marble, a more
massive bluish-gray hmestone about 15 feet thick, which, although hard and'
flinty, weathers easily.-- - ~ . . :

Underlying -the marble horizon there is a series of hituminous shales which-
have a thickness of 25 to 30 feet in central Kansas, but probably thicken
acon'siderably to the west. They are dark, modératgly bard, break into thin flakes
on weathering, and are regarded as the hasal member of the Benton group.

" Niobrara formation.—The Niobrara formation underlies a wide region in
Kansas west of the ninety-eighth meridian and-north of Arkansas River. Its
eastern margin lies in a series of slopes rising above the rolling topography of
the formations of the Benton group and trending southwest across the State from
Jewell (,ounty to the northeast corner of Flnney County. -~ It is thickly overlain hy
Tertiary deposits to the west, hut some of the larger Valleys, notabh that of Smoky
Hill River, are so deeply cut that they afford extensive exposures of the Niobrara.

The formation consists of a lower series of limestones, which has been termed -
the ¢ Fort Hays limestone,” and an upper series of chalks, which has.been designated
as the ‘‘Pteranodon beds,” or “Smoky Hill chalks:” The total thickness of the
formation is about 350 to 400 feet, of which the Pteranodon beds comprise hetween
300 and 350 feet. These beds immediately” underlie the Pierre shale, but the two
formations have not been observed -in contact in Kansas owing to the ‘overlap of
Ter‘mal y formations. The Pteranodon beds in unweathered condition appear as a
massive light-bluish-gray clay, hut on weathering usually become yellow or buft,
and, in some cases, light red, a change due to the oxidation of the iron. COntamed'
" in the deposits. In well borings the material is a pale blue. chalky clay, not very
sticky when wet. :

Some rather pure chalk occurs in the formation, notably in the vicinity of \01-

. ton in the valley of Prairiedog Creek, where it has been quarried to some extent.
The chalk heds present their best exposures in the valley of Smoky Hill River,
where ‘they give rise.to many prominent huttes and castellated cliffs. A small
exposure has been observed northwest of Horace, near the State line. The prin-.
cipal fossils of this series are the Ostrea congesta, shown in Pl. XX1IV, and the
Invceramus deformis. Crystals of gypsdm are unot uncommon'in‘the weathered
beds, and 4 large amount of pyrites weathers out in nodules in many-localities.

" The Pteranodon beds are underlain by the Fort Hays 1ihlestone, which has
an average thickness of 50 feet. It is a soft, ‘massive, light-colored rock, -wh'ich'
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weathers out in bluffs of moderate prominence. In well boring it is generally
distinetly recognized by its increased, hardness over the Pteranodori chalk. Its
éutcrop extends all along the margin of the Niobrara area from Jewell County
to Finney County and up Smoky Hill Valley into Gove County. It is again
seen in Hamilton County north ot Coolidge and at some other points south of -
Arkansas River. .

The Niobrara formation has been penetrated by numerous wells, which throw
light on its position and thickness underground. At Horace, in Greeley County,
the deep boring found the top of the formation a short distance below the surface
and apparently about 650 feet thick, although a p01t10n of its topmost beds has
been removed by erosion. . .

Pierre shale.—In the northwest corner of Kansas the upper members of the
Niobrara formation are overlain by Pierre shale, which is exposed at intervals in the
valleys of Republican and Avikaree rivers and their branches in Cheyenne County,
notably in the banks of Hackberry Creek, 15 miles south of St. Francis; on Beaver
Creek, in Rawlins County; and on Prairiedog Creek, in Norton County. The shale
is of dark-grayish-blue color, but-weathers to a rusty yellowish-brown tint. The -
beds are soft and clayey. Lens-shaped concretions of various sizes occur in some ot
the beds and carry distinctive Pierre fossils.

A

TERTIARY AND LATER DEPOSITS.

For a discussion of Tertiary deposits see Ogalalla formation, page 178.

Loess.—The loess covers wide areas of the high plains between the valleys in
northern Kansas. It is a smooth-surfaced thick mantle, lying on a somewhat
irregular surface composed of Tertiary depos1ts and tbe sev eml upper (Jletaceous
formations. .

Allyvivm.—There are in Kansas many wide valleys which are floored to a
greater or less depth with deposits of alluvial materials brought by the streams at
various stages of their development The valle3 of Arkansas River is the most
extensive of these, having a width of 6-to 10 miles and crossing the entire State.
All the river and creek valleys contain more or less alluvial material of relatively
recent origin, and most slopes are mantled with talus washed from above.

Sand hills.—Fine-blown sand is found mostly in central Kansas and in the
valley of Arkansas River from Ford to Great Bend and on the adjoining slopes to
the southeast. The sand constitutes hills and ridges of moderate height, with inter-
venihg irregular basins and flats. 1t has been derived from the alluvial flats along
the river and blown out b) the prev allmg winds, of Wblch the stronger are from the
northwest.
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RﬁSUI\IE OF PALEOZOIC AND MESOZOIC GEOLOGY OF THh CENTRAL
GREAT PLAINS® REGIOV

-~

CAMBRIAN,

The Cambrian rocks appear to be the least extensive of the sedimentary
formations uplifted along the western margin of the Great Plains, but probably -
they underlie'a considerable area of the plains, especially- to the northwest. The
small outcrops of upper Cambrian in the Manitou and Canyon embaym.e'nts in
Colorado may be narrow extensions of a wider area to the east, but until some
very deep wells are sunk in eastern Colorado and eastward we can have no knowl-
edge on this point.” The well at Lincoln, Nebr., is supposed to have penetrated
St. Peter sandstone and, in eastern Kansas and western Towa, uppey Cambrian
* sandstones appear to have been reached. In eastern South Dakota there ix no
Cambrian, as the Dakota sandstone lies directly on the Sioux quartzite, which is
believed to be of Algonkian age. Carboniferous beds lie directly on the old crys-
talline rocks aleng the Rocky Mountain front north of the Arkansas divide through
Colorado and Wyoming to and possibly including thie Casper Range and also in
the Hartville uplift. In the Black Hills the Cambrian is thin to the south and
gi'adually increases to 400 feet’in the Deadwood region. The fossils are all middle
Cambrian. . , ! .

Deadwood formation.—In their thicker portion the rocks comprise a medial
series of shales and thin-bedded limestones, with layers of a very peculiar flat-
pebbled limestone conglomerate. This conglomerate is precisely similar to one
extensively developed in the B]ghom Mountains and northwest, where it has similar
associations and fossils. In the Bighorn uplift the Cambrian beds-average about 900
feet in thickness, and comprise, successively, a basal sandstone series, green shales
with sandstone layers, shales and limestones with the flat liméstone-pebble con-
glomerate, and, locally, a thin sandstone series at the top; middle Cambrian fossils
occur in most of the beds. The entire sequence has been designated the Deadwood
formation, because of its resemblance to the Cambrian of the northern Black Hills
région; probably it represents the Gallatin limestone and Flathead formation of
south-central Montana, but the medial limestone marking the base of the former
is absent or too thin to be noticeable. :

ORDOVICIAN.

In the Bighorn Mountains, the northern Black Hills, and at a few detached
localities along the Rocky Mountain front range the Ordovician rocks appear
overlying the Cambrian sandstone. In the - ‘Bighorn Mountains they extend
contmuously around the uplift and are termed the Bighorn limestone. The lower

'
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massive members, which are several hundred feet thick, have a fauna of Trenton
age, and the thin, overlying, softer beds carry a Richmond fauna of upper
Ordovician age. The upper limits are indetinite, for although there is no transition
to the lower Carboniferous limestone, no marked evidence of unconformity has heen
observed so far. In the Black Hills the Ordovician, which has been designated
the Whitewood limestone, appears in the northern portion of the uplift and to a
" limited extent in the Bear Lodge Range. It carries an upper Trenton fauna, and
‘probably from this fact and from the close lithologic similarity is believed to he
equivalent to the-lower massive member of the Bighorn limestone. "The tew teet
of green shales which lie above the Whitewood limestone are of undetermined age.
No evidence of Ordovician could be detected in the Casper or Laramie ranges, in .
the Hartville uplift, or in the Rocky Mountain front ranges north of Denver. [
feel contident that they are ‘absent in the outcrop zone, although they may have
been deposited and removed by pre-Pennsylvanian erosion. The Ordovician rocks
which appear in the central portion of the Front Range in Colorado (the Manitou
limestone, the Harding sandstone, and the Fremont limestone) contain a Trenton
fauna, the Harding sandstone representing the lower Trenton and the Fremont
limestone the upper Trenton.

SILURIAN AND DEVONIAN.

No deposits representing these two great periods of geologic time have been
discovered in the drea to which this report relates. They are certainly absent in the
Front Range exposures in Colorado, but may possibly be represented in the green
shale of the northern Black Hills and in the zone of apparently nonfossiliferous
limestones lying between the Bighorn and Little Horn limestones of the Bighorn
uplift. I think, however, that it is much more 1i1<e1y that they are entirely absent
along the east side of the Rocky Mountain uplift, although they may underlic a
portion of the Great Plains eastward.

LOWER CARBONIFEROUS.

The lower Carboniferous rocks are exposed principally in the Black Hills and
in the Bighorn uplifts and in a few small areas that occur along the foot of the
Front Range in Colorado. 1t is probable that they extend widely under the Great
Plains, but have been reached by no borings except in east Kansas and southeast
Nebraska. ‘

In the Black Hills the Mississippian is represented by two limestone formations,
the Englewood and the Pahasapa, each containing an abundance of characteristic .
fossils, those of the Englewood being equivalent to the lowest Mississippian
(Chouteau or Kinderhook) and those of the Pahasapa equivalent to the Madison

!
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limestone of the Northwest. The Leperditic in the concretions in the red shale at
the base of the Minnelusa are of a type characteristic of the Mississippian, especially
at about the horizon of the St. Louis limestone, indicating that at least the lower part
of the Minnelusa is also of Mississippian age; probably it is equivalent to the
Hartville limestone. The -great limestone series of the Bighorn uplift consists
mainly of a representative of the Madison and Pahasapa limestones. Doubtless the
Englewood is also included, but the upper limit of rocks of \Ilelbslpplal’l age in
the uplift has not-as yet heen ascertained.

Along the Laramie Range the apparent absence of lower Carboniferous is
" an interesting feature, indicating either nondeposition or removal by the very
profound later Carboniferous erosion. A short distance eastward, in the Hart-
ville uplift, the Mississippian comprises the Guernsey formation, which is 150
feet or more in thickness, and: the lower members’ of the Hartville formation,
the two being separated hy strongly marked erosional unconformity. The basal
‘sediments of the Hartville formation are red sands, and there is strong sugges-
tion that these are of the same age as the red shale at the base of the Minnelusa
formation of the Black Hills and at the base of the Amsden formation in the
Bighorns. The representative of the lower Carboniferous in Colorado appears in
small areas at Perry Park, dbout Manitou, about Canyon, and southwest of Pueblo,
‘and is known as the Millsap limestone. It lies unconformably on the Cambrian,
Ordovician, and pre-Cambrian, and .is unconformably overlain hy the Fountain
formation, or lower Wyoming division, which overlaps directly on the granites and
schists in most portions of the region. Its fauna is thought to be of moderately
early Mississippian age.

UPPER CAR}BONIFEROUS AND RED BEDS.

The classitication of the formations representing later Carboniferous to Triassic
time in this regioﬁ is one of its most interesting problems., Upper Carhoniferous
and Permian fossils occur at several localities, but some of the sediments have
yielded either no organic remains or only fossils that do not afford satisfactory
‘evidence as to age. The stratigraphy presents much diversity in different portions
of the region, but by extended field work it has been found possible to correlate
most of the rocks in the various uplifts. -

More or less of the Red Beds, especially their upper members, have generally
been classed in the Triassic, but there is no definite proof whether a representative
of this period is present-or not. The fossils which I discovered in 1901 in the upper
limestones of the Red Beds on the east slope of the Bighorns are thought to be.
" Permian, but may possibly be Triassic. The fossils of the upper Red Beds of south-
ern Kansas and Oklahoma are regarded as Permian, but the precise relations of these
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deposits_to the Red Beds of Colorado is not determined.. In 1901 I found at Red
Rocks in Purgatory Canyon in southern Colorado a fragment of a shoulder bone,
which Prof. F. A. Lucas regarded as a portion of a bolodont, an opinion sustained
by Dr. E. Fraas. This genus is considered typical of the Triassic.

The lower Red Beds of the Rocky Mountain Front Range, which have vielded
no fossils, undoubtedly merge into upper Carboniferous limestones both to-the north
and-the south, and can be correlated with formations in the Bighorn Mountains and
Black Hills. According to George 1. Adams, whose evidence appears entively satis-
factory, the Red Beds of south-central Kansas and southward merge into the limestone
and shales of the Perino-Carboniferous series. It is certain that the Red Beds rep-

* resent a considerable. interval of. time, and that the discovery of fossils at 'one
- horizon does not settle the age of the whole series. .

Throughout the Black Hills, the Bighorns, and much of the region south the
‘upper Carboniferous and Red Bed seues presents a general succession as follows,
beginning at the top: A thick mass of gypsiferous, red, sandy shales: a thin mass of
thin-bedded limestone; a thin mass of red sandy shales; a thick, hard, light-colored,
fine-grained sandstone; and, at the base, limestones and sandstones giving place to
sandstones and conglomerates, the basal series lyiﬁg unconformably on Mississippian

limestones, on Cambrian, or on old granites and- schists. (See columnar sections
in PL. XLIL.)

In the Bighorn and Black Hills uplift the assignment of formations to the upper
Carboniferous or Pennsylvanian is somewhat provisional. A few fragmentary
fossils were observed, but they were hardly determinative. The Minnelusa

., formation, which succeeds the Pahasapa (lower Carboniferous), is a strongly marked
series, supposed from a few fossils that I obtained in its upper beds near Hot
Springs to be, in part at least, Pennsylvanian. These fossils were Productus
semireticnlatus and Seninula subtileta(?). In the slopes.of the Bighorn Mountains
there is a series somewhat similar to the Minnelusa beds, which I have designated
the Amsden formation and the Tensleep sandstone. Thé former contains a basal
red-shale member, probably representing the thin ‘one which occurs at the hase of

“the Minnelusa formation of the Black Hills, and alternations of limestone. and -
sandstone with much chert, suggesting the lower two-thirds of the Minnelusa
formation, but with purer limestone deposits. The lower limestones have so far
yielded only some fragmentary indeterminate fossils, but the higher cherty lime-
stones contain Pennsylvanian forms. Next above is the Tensleep sandstone, very
like the top sandstone of the Minnelusa in most portions of the Black Hills, and
similarly overlain by a great body of Red Beds. It contains Pennsylvanian fossils.

In the Black Hills these Red Beds have three distinct subdivisions, the Opeche
formation at the base,.60 to 120 feet thick; the Minnekahta, or *‘ purple limestone,”
as it was termed by Newton, about, 50 feet thick and of very characteristic aspect;

A\l
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and at the top tne several hundred feet of red sandy shales that I have designated
the Spearfish formation. This is succeeded unconformably by the marine Jurassic.
In the Minnekahta limestone fossils occur at many 1ocal1t1es comprising forms
which are regarded ag Permian in age. :

In the Bighorn uplift the Red Bed series is shghtly thlcker but its character is

"nearly the same as in the Black Hills; it has been designated the Chugwater

" formation. - The basal Opeche beds appear to be present in this formation, but only
20 feet thick, and succeeded by a few feet only of limestone, probably a represen-
tative of the Minnekahta, but unfortunately without fossils, so far as observed.
This limestone is suc‘ceeded-by a thousand feet or more of ved sandy shales, believed
to represent the Spearfish formation; they are unconformably overlain by marine
Jurassic. These Red Beds similarly contain- gypsum deposits, but differ from the
Black Hills rocks in including several thin beds of limestohe near their top. Fossils
of several species are abundant in these hmestones but they do not 1nd1cate whether
the age is Triassic or Permian. :

Passing south in ‘Wyoting toward the Laramie Range the lower members of
the upper Carboniferous series change considerably, but the Red Beds present the
teatures which ‘characterize them in the Black Hills. The limestones on Casper .
Mountain and ranges southwest of Douglas are of upper Ca_rbd;iiferous age and seem
to represent the Amsden formation of the Bighorn uplift. Locally they lie on a sand-
stone which is probably Cambrian, but may be younger, and they are separated from
the Chugwater red beds by typical Tensleep sandstone. The tripartite subdivision
of the Chugwater red beds is established by the occurrence of 'typical Minnekahta
limestone, notably in the big bend of North Platte River 6 miles south of Douglas,
and farther down the river’in the basin northwest of Hartville. In the Hartville
area the Opeche red shales are underlain 4by the Hartville limestone, which is Penn-
_sylvanian in its upper part and Mississippian at base. The top beds are sandy,

suggesting Tensleep sandstone, and the lower beds limestones ‘with cherty and sand-
stone layers, doubtless representing the Amsden formation of the Bighorns and the
Minnelusa of the Black Hills. No special search has been made yvet for evidence of
" unconformity in.the Hartville limestone at the top of the Pennsylvanian. i
In -the Front Range, northwest .of Cheyenne, “the stratigraphy is somewhat
variable. The lower limestones lie directly on the granifes and are apparently upper
Carboniferous, although no fossils were observed in‘the lower 100 feet. It has been
suggestéd that the nonfossiliferous biasal beds may represent the lower Paleozoic
series, but the overlap relations north and south do not sustain this, except that, if
the limestones represent all-of the Hartville formations of the Hartville region, the
lower-beds may possibly include rocks of later Mississippian age. The limestone
series contains several red-sandstone members, but at the top gives place rapidly to
the thick Chugwater ved beds. . The Tensleep sandstone appears to be represented,”
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_containing thin layers of limestone in its middle, and on Chugwater Creek another
- layer near its top.- Then succeed typical, soft, red sandy shales of the Chugwater
formation, whlch on Horse Cleek include a 20-foot bed of limestone’ apparently
representing the Minnekahta horizon—a bed not found on Chugwater Creek.

Near the Colorado-Wyoming State line the upper Carboniferous limestones may
be seen to merge into red sandstones, apparently by the expansion of included red-
dish éahdy layers observed northwest of Cheyenne and a corresponding thinning of
the limestones. A mass of red sandstones and conglomerates, which lies at the base
of the limestone for some distance, is seen also to thicken gradually to the south. ',
The product of this' change is a great lower series of coarse red beds containing
three thin limestone layers, which persist for several miles. -

All through northern Colorado the supposed Tensleep sandstone horizon is well

niarked, and it was traced without difficulty southward to beyond the (yarden of the

 Gods. Tt is the “creamy sandstone” at the summit of the lower Wyoming of Eld-
ridge, as described in the Denver monograph, and 1 feel certain that the conspicuous
white sandstone ledge ly;ing immediately in front of the gateway to the Garden of the
Gods is the upper part of the southern extension of the same bed, so that it is an
important horizon marker. Throughout its course in Colorado it marks the tran-
sition from the coarse deposits of the lower coarse red beds (lower Wyoming) to
‘the bright-red QYpsi-feroué shales of the Chugwater formation (upper Wyoming),
a]thbugh it is quite sharply demarked from both. It is possible that in the Denver
region it comprises more of the upper Carboniferous column.than is included in the
topmost sandstone northwest of Laporte, for the two thin beds of limestone which it
containg west of Denver suggest that it comprises the extension of the thin lime-
stones underlying the supposed Tensleep sandstone northwest of Laporte.

The thick mass of red-sandstohe sediments of the lower Wy omlng division is
believed to represent upper Carboniferous only, but as it includes ‘also an expansion
of shore deposits lying’ heneath the limestones near the Colorado- Wyoming State
line, it may p0331b1y comprise older rocks, though this is very doubtful. These
lower Wyoming beds, in' their southern extension into Perry Park, lie unconform-
ably on fossiliferous limestones of Mississippian age, and a similar relation exists
in the region west of Colorado Springs and at intervals southward. The presence
of the unconformity between the Guernsey and Hartville formations in the Hartville
region and its possible extension in the Black Hills and the Bighorns suggest that
the same unconformity may extend south to, and along, the Laramie and the Rocky -
Mountain fronts, especially at the top of the Millsap limestone. In this case the
lolwer Wyoming red heds would comprise some sediments of late Mississippian age.

10001—No. 32—05—11
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The name ‘Fountain formation” has been used to comprise all of the red
beds in the 1‘egion northeast of Canyon and southwest of Pueblo, and if, as I
beliéve, the Chugwater . (upper Wyoming) formation thins out a short distance
south of the Garden of the Gods, the Fountain formation corresponds in the
main to the lower Wyoming, and is the product of similar conditions at the same
geoldgic epoch. I do not see the slightest reason for supposing that the two
formations are not equivalent. The character of the beds northwest of Pueblo
and in the Garden of the Gods region is precisely the same as in the district

west and north of Denver, and although I made special search I could find no
" evidence of overlaps or unconformities of any kind within: the great uniform
mass of red grit deposits.

The upper and the lower Wyoming are very distinct- from each other from
the Garden of the Gods north to the State line, as recognized by the geologists
of the Hayden survey and clearly set forth in the Denver monograph, where
the terms ‘‘lower Wyoming” and *‘upper Wyoming” were introduced. The upper
Wyoming consists mainly of fine-grained sediments extending from the ““ creamy
sandstone,” which I helieve to be the equivalent of the Tensleep, to the base of
the Morrison formation. It consists mainly of bright-red shales, always with a
thin limestone layer or series toward its base, and from Platte Canyon northward
with a massive pinkish sandstone at its top. The included limestone is believed
to represent the Minnekahta horizon of the Black Hills and other regions, indi-
cating a short but widespread interval of lipestone deposition at this epoch in
the West. The few fossils found in this limestone unfortunately do not settle
its age, but there appears to be but little doubt that its representative in the
Black Hills is Permian. The overlying red shales, with gypsum, in northern
Colorado may be Permian or Triassic, for the fossils in the limestones which
occur near the top of the extension of this series into the Bighorn uplift do not
indicate whether the heds are Paleozoic or Mesozoic.

The Chugwater formation (upper Wyoming red beds) is only 140 feet thick at the
Garden of the Gods and appears to thin out and disappear a few miles south, bring-
ing the Fountain fromation into contact with the Morrison, a relation due either to
nondeposition of the Chugwater beds or to their removal by erosion in pre-Morrison
times. As it is, the hiatus probably represents part of the later Carboniferous, the
Permian, the Triassic, and all of the Jurassic periods. South of Arkansas River
some of the Chugwater beds probably appear again, although at present their
identity is not established. -

The Badito formation of Hllls appears to be simply the Fountain formation of
Cross and Gilbert. The Sangre dg Crito formation to which Hills refers in the
Walsenburg folio appears to represent a great development of Fountain (or lower
Wyoming) deposits. It is stated that remains of an upper Carboniferous fauna and
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flora occur in this formation, which is added evidence as to the age of the lower.Red
Beds (Fountain-lower Wyoming) series. These beds overlie or merge into the -
basal limestone series on the eastern slopes of the Sangre de Cristo (Culebra) Range,
in which Mr. Willis T. Lee has discovered an extensive upper Carboniferous (Penn-
- sylvanian) fauna. , ‘

The Red Beds revealed in the canyons of southeastern Colorado can not be classi:
fied with certainty from the present evidence. On Purgatory River and Muddy
Creek the principal body of Réd Beds is separated from the Morrison formation by
gypsum or gypsiferous shales, strongly suggestive of the Chugwater (upper Wyo-
ming) formation. It was immediately under this gypsum in Purgatory Canyon
that I found the shoulder bone of a supposed Bolodont. Mr. Willis T. Lee has
" traced the Red Beds farther south into northieast New Mexico, where the gypsifer-
- ous horizon gives place to a massive sandstone, termed the Exeter sandstone, con

stituting the summit of the Red Beds, a member which may represent the distinetive
top sandstone of the Chugwater formation in northern Colorado and in ‘southern
Wyoming. This sandstone is prominent in the Two Buttes uplift, constituting the
summit of the Red Beds, and is underlain by red shales, which contain a thin bed of
limestone, noted by-Mr. Gilbert, strikingly like the Minnekahta horizon. I have
not made observations on the Red Beds irr Kansas and do not feel that a comparison
of the published statements with my observations in the region north and west would
aid in the correlation. '
JURASSIC.

Sundance formation.—The Jurassic appears to exist only in the northwest
portion of the régjbn to which this report relates, apparently owing to nondeposi-
tion in other portions of the region. In the Bighorn Mountains and in the Black
Hills it is represented by 300 to 400 feet of deposits, but thins gradually to the’
south in the Laramie Range and'disappears in the northern portion of Colo-

. rado. The thinning appears to be general and the upper beds probably disappear
first, but this point has not been deﬁnite]y determined, and it may be that the
upper shales merge into sandy beds, which thin out gradually together with the
underlyihg sandstones.

" The formation is evidently of marine origin, as indicated by its numerous mol-

. luscan remains, and its age is regarded as late Jurassic. It has not been divided

into subordinate members, but in its regular succession presents a general order
of beds and faunas which are constant over a wide area, especially as to the sand-
stone near the base and the green shales above, containing numerous Belemnites
densus. It is probable that the Sundance formation does not extend far east of the
Black Hills nor soutbeast of the locality at which it disappears in surface outecrops
in northern Colorado, but there is no direct evidence on this question. N

°
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" Unkpape sandstone.—This sandstone, which succeeds the.-Sundance- along the
eastern side of- the Black Hills, is relatively a local feature of unknown age. - It
appears to represent a-local shore deposit of late Jurassic times laid down prior to
the deposition of the Morrison beds. The horizon may possibly be represented in
portions of the uplift by the almost general occurrence of the yellowish sandy bed .
at the top of the Sundance formation, although where it appears to be absent
there may ‘be a small unconformity or hiatus. There is always a very abrupt
change from the Sundance to the Morrison sediments, but no direct evidence of

el

unconformity has ever been found.

CRETAOEOUS

Morrison fm’matwn —As the western p01t10n of the Great Plains is explored
"it is found that the Morrison formation is very exfensive in its distribution. It
"outcrops nearly all the way around the Black Hills uplift, extends a]ong both
" sides _of-the Bighorn Mountalns appears extenswely in the Hartville uplift, and
is traceable along Laramie Range into Colorado and far south into New Mexico.

Mr. Willis T. Lee has found that it extends east in the canyons of southern Colo-
rado and down Cimarron River, where, near the Oklahoma—New Mexico line, it
either merges into the upper formations of the Comanche series or occupiés the
same horizon relative to the adjoining beds. I bave recently found a similar rela-
tionship on the eastern side of the Two Butte uphft in the southeast corner of
Colorado.

The character of the formation is 5trikino*ly‘ uniform throughout, consisting
mainly f a mixtare of clay and fine sand having a massive structure like joint clay,
mam]y gray or pale-greenish-gray in color, with portions which are purple, maroon,
or chocolate. Beds of fine-grained light-colored sandstones also occiir, and in many
dlbtrlcth, “especially in. the lower portion of the formation, thin beds of limestone
appear, in which I have lately discovered remains of fresh- water alge at various
horizons. In both the clays and sandstones saurian remains occur, sometimes in
large quantities. They have been collected extensively near Canyon and on the east
- side of the Black Hills. I have recently observed them along the eastern foothills

of the Bighorn ranges and along both sides of the Bighorn basin as well.

The extent of the formation to the east and especially to the northeast is not
known. Probably it would be found in deep borings for sonie’ distance east of the
Black Hllls, but not in the east part of South Dakota nor in Nebraska nor Kansas.

‘ - Comanche series.—1 have made no special examination of the marine deposits
representing the upper part of the Comanche series in the south Kansas region. 1In
their western e‘xtension as stated ahove, they are apparently represented in whole
or part by the ’\lmmson ‘beds, which, to the north, end against the margin of a
basin. If equwalent fo the Morrison these upper Comanche beds are older than

a
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the Lakota of the Black Hills and Bighorn uplifts, which is contrary to the opinion
of some paleobotanlsts tnat the Fuson-Lakota flora is older than the flora: that
oceurs in Texas in one of the medial members of the Comanche series. In this case,
owing to the gréat difference in latitude and the consequent probable difference
in climate, I think" that the criteria of a few fossil plants are open to question.

Dakota-Lakote formations.—In 1893 . Prof.” Lester Ward discovered that the
so-called Dakota sandstone of the Black Hills contained not only a Dakota flora,
but in its lower beds an extensive flora of later Cretaceous age.- As the Dakota’
sandstone in its type region is characterized by a distinct upper Cretaceous flora,
it became necessary to restrict the term “ Dakota” in the Black Hills to the upper
sandstone carrying the upper Cretaceous plants. In investigating the. stratigraphy
of the uplift it was found that the upper sandstone is separated from the lower
sandstone, which was deslgnated the Lakota sandstones, by a persistent body of
shale which has been des1gnated the Fuson formation. In tracing these formations
riorthward it was found that the pr1n01pal plant- bearmg horizon in the northern
Black Hills was in_the Fuson formation, which has yielded a 1arge and beaut1ful
flora of - “lower. Cretaceous plants which Professor Ward has descr 1bed The
tripartite COD]pOSlthIl of the old “Dakota” group in the Black Hills is Very
- distinct throughout the uplift and apparently is a widespread feature in ad]omlng
regions.

Along the eastern base of the Bighorn Range there is a ~andstone Whlch
appears to 1ep1esent the Lakota overlain by typical clays of the Fuson, but the
Dakota sandstone does not appear -unless it is represented by some sandy layers
among the shales in the base of the next succeedmg formation. Thls same rela-
tion is found on the west s1de of Bighorn Range and appears to extend fa1
south in ‘Vyomlng

In tracing the beds through southeln W'yonnng the outcrops of thls horizon a1e
S0 dlscontmuous owing to the overlaps of Tertiar v deposlts that the stratlgraphlc
condltlons could not be deﬁnltely ascertalned Southeast of - Caspel is found some
) suggestlon of the 1egular succession of Lakota Fuson, and Dakota, appearlng

at intervals to the south, althoucrh at some pomts there is only one s‘lndstone, wtiiéh

so far as 1ts character goes, nnght beloncr to either member.
: In Colorado thete are usually two sandstones separated by a bed ot fire cIav,
which, stlongly suggest the Dakota-Fuson- Lakota succession, bug it has been
supposed that all the rocks are of- Dakota age. The 1ntelcalated fire-clay se11es
extends far south thlough Lolorado and east in the exposules of the Purgatory‘.
and other canyons.

Throughout Colorado and eastern Wyommg, as in the region n01thward the
“sandstones are underlain by‘the Morrlson formatlon, exoeptlng at a’ verv few
locahtres, and, although there is. general unconfornnty, it is difficult to beheve
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that this represents Lakota and Fuson time. The Morrison materials are soft
and, if they had been exposed to erosion for such a long period, would undoubtedly
have suffered deep and widespread degradation. It is unlikely also that the
Lakota and Fuson could have been deposited in regular order and then so com- -
pletely and evenly removed as to leave the Morrison overlying sandstones in
their present uniform stratigraphic relations. A discovery very significant in this
connection has been made by J. B. Hatcher—that dinosaur remains of Morrison
'type occur in the lower members of the overlying ‘‘ Dakota” sandstone beds north of
Canyon, which indicates that there could have been no great time break at this
horizon. For these reasons it is- probable that the Lakota-Fuson-Dakota series
extends south through Wyoming and Colorado, and that careful search in the
medial fire clays and lower sandstones may yield lower Cretaceous plants.

Benton group.—The rocks of this group are the most widespread and constant
in characteristics of all the sedimentary deposits of the Central Plains region, their
salient feature being a thick succession of shales overlying the Dakota sandstone.
They present, however, persistent subdivisions or horizons of variation. The
thickness is variable, ranging from about 400 feet in the southeast to 1,600 feet
in the Black Hills. .

In nearly all the half-million square miles under consideration the group com-
prises three members—a basal, dark-shale series known as the Graneros shales, a
medial limestone known as the Greenhorn limestone, and an upper shale series with
sandy layers known as the Carlile formation. Toward its base the Graneros
shale includes a horizon marked by local deposits of sandstone; the Greenhorn
limestone always presents alternations of slabby limestone and shales; the Carlile
formation generally has a sandstone bed at or near its top, not far below which con-
cretions usually occur. The Greenhorn limestone is characterized by greét colonies
of Inoceramus labiatus, a species rarely found at all in other horizons; the upper
portion of the Carlile contains Prionotropis woolgars, which appear to be restricted to
that horizon and to characterize it throughout the region and even in the Bighorn
basin: Throughout east Wyoming and the Black Hills region the middle part of
the Graneros shales includes, not far above the local sandstone horizon, a series
of hard gray shales and fine-grained thin-bedded sandstones filled with fish scales,
which weather light gray and from their harduness often give rise to a ridge or
cliff. These have been termed the Mowrie beds and are conspicuous along both
sides of the Bighorn uplift, all around the Black Hills, and along the Laramie
Front Range to the Colorado line. i

In Pl. XLIIT sections are given showing the principal stratigraphic features
of the Benton group in different distriéts. As these sections are drawn on 4 large
_scale, the variations in thickness are very striking, especially between the 400 feet
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in Kansas and the 1,300 feet which is the average thickness in the Black Hills -

. region. The salient feature in the Kansas section. is the Greenhorn limestone,
comprising several layers having, in all, a thickness of 60 feet, 40 feet of which
pear the middle are characterized by large numbers of the typical Jnoceramus.
labiatus. The Kansas geologists have included about 50 feet of the basal shales
-in the top of the Dakota, but the reasons for this inclusion are not convincing,
and I should be inclined to regard these saliferous and gypsiferous shales as com-
prising the lower portion of' the Graneros. e

The three subdivisions are réadily distinguishable throughout eastern Colorado,
where the formation gradually increases in thickness, mainly by the expansion of the
lIower beds. In this region also there first appears-near the base of the Graneros
formation, a bed of sandstone which varies greatly in thickness from 50 to 15 feet,
often giving rise to a conspicuous subordinate hogback rldge lying east of the main
Dakota hogback, or on its slope.

In southeast Wyoming a further increase of thickness is exhibited, but the -
Greénhorn limestone finally becomes thin and discontinuous on approaching the end
of the Laramie Range, and is not recognizable at all in the sections along the Bighorn
uplift. It is, however, a conspicuous feature in the slopes adjoining the Black Hills,
extending entirely around that uplift and often attaining a thickness of 50 feet, The
sandstone in the lower portion 6f the Graneros seems to extend almost continuously
through southeast Wyoming, and appears at intervals around the Black . Hills,
notably at Newcastle, Hermosa, and the north end-of the uplift, but does not appear
in the Bighorns unless possibly at one locality.

The Mowrie beds, consisting of hard shales and thin sandstones with fish scales,.
weathering light gray, appear first in southeast “Wyoming, whence they are a
conspicuous feature north at a horizon a short distance above that of the sand-
stone in the lowér part of the Graneros, and attain their. greatest prominence along
the Bighorns and around the Black Hills.

The Carlile formation does not vary greatly in thickness through Colorado and
southern Wyoming, but expands greatly in the Black Hills to over 500 feet in most
parts-of the uplift. It is not, however, characterized in the Bighorn uplift, though -
doubtless represented in the gray shales lying not far above the Mowrie beds. Owing
to the absence of the Greenhorn limestone in this area, the lower limit of Carlile sedi-
ments is not indicated, but its upper portion is characterized by a zone of sandy con-
cretions containing Prionotropis and Prionocyclas, a horizon characteristic of the
‘proximity of the upper limit of the group throughout its course. The top of the
Carlile formation is usually marked by sandy sediments, and a top sandstone is a
pro_mfnent feature in eastern South Dakota, through Colorado, and in southeastern
Wyoming. Around the Black Hills and in Kansas the place of this top sandstone

~
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. is taken by numerous concretions, which also occur under the sandstone in some

other districts. In a portion of Arkansas Valley the upper sandstone of the
Carlile formation is often replaced’ by a thin bed of purplish limestone carr ylng
Prionocyclus. .

The Benton group in eastern South Dakota comprises a thin mass of Graneros
black shales, Greenhorn limestone apparently associated with some chalkstone, and a
considerable thickness of Carlile shales containing, at or near the top, concretions
and a nearly genelal bed of sandstone from 15 to 50 feet ‘thick and in places
considerably thicker. As elsewhere, Prionotropis dccurs in the concretions.

Niobrara formation.—This deposit occupies a wide area in the central Great

" Plains region, succeeding the Carlile without suggestion of unconformity and,
except in the vicinity of the Bighbrn Mountains, consisting largely of carbonate of
lime. Its thickness varies considerably from apparently less than 100 feet in some
portions of eastern South Dakota to 700 feet in central-southeast Colorado.

At the type locality on Missouri River at the mouth of the Niobrara the forma-
tion is represented by a chalk rock having a thickness of about 200 feet. In south:
ern Nebraska and Kansas, where it appears extensively, the amount is éonsiderably
greater, 350 feet being the estimate of the Kansas geologists. The formation
ysually presents purer and harder carbonate of lime deposits near its base, con-
stituting the Fort Hays limestone in Kansas and the Timpas formation in Colorado.
The characteristic foébil of this horizon is the fnoceranius deformis, which is a con-
spicuous feature in Colorado and for some distance north into Wyoming.

Along the foot of the Rocky Mountain and the Laramie Front Range the forma-
tion usually presents three limestone layers, a lower massive bed and two upper
layers, separated by limy shales, the uppermost overlain by impure limestones,
which weather to a bright-yellow color and always contain flat masses of ‘limestone
consisting of colonies of OUstrew congesta. The formation thins to the north in
Colorado and Wyomlng, becommg about 400 feet thick northwest of Chéyenne,
and about 200 feet on the slopes of the Black Hills. The bright-yellow color of the
weathered beds is a conspicuous feature. The point farthest west at which the
formation was noted is southwest of Casper. It is not characterized along the
slopes of the Bighorn Mountains, although doubtless it is there represented by some
gray shales not distinguishable from those of the adjoining‘formations, for there is-
no auggestlon of hiatus in the sedimentary series. -

Pierre shale.—The great shale series of the Pierre formation occupies a vast
area 1n the central Great Plains and was probably originally of even greater extent,
for it appeals to have.been removed by erosion in the mountain uplifts, in eastern
Nebraska, and in southern and eastern Kansas. No special investigation has been
made of the Pierre stratigraphy, and, although the beds seem to he uniform in com-
position, probably a careful study of the distribution of its numerons fossils would

-
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show widespread stages.” One of these is the upper horizon of'concretions ‘with

Lucina occidentalis, giving rise to: ‘‘tepee buttes,” which appears to extend from
Arkansas Valley through Colorado to and all around the Black Hills. In places"

along the western margin of the ared great variations in thickness are presented,
the shales becoming thlcker and' local sandstone beds being included. West of
Denver the formation appedls to have a thickness of over 7,700 feet, and of consid-
erably over 3 OOO feet at F101 ence and near Boulder.

Fox Hills formation. ~'The Fox Hills formation -‘appears to be present every-
where betwéen the Pierre and the Laramie, merging into both formations and con-
stituting beds of passage between them. In some distr icts the Fox Hills beds begin

abruptly with-a. sudden change from the dark shales of the Pievre to sandstones or
sandy shales of the Fox Hills containing some distinctive species. It is probzible, o

a

that this change does not take place at the same horizon throughout, and the Fox -

Hills faiina appears in connection with the sandy sediments. -

Usually the Fox Hills deposits are less than 800 feet thick, but, in the Denver
region, where they comprise a thick mass of sandy clays in their lower portion, they
attain a thickness of a thousand feet. The top member in this region is a persistent,
characteristic sandstone, 50 feet thick, which appears to be the same as the Trinidad
sandstone in the Spanish Peaks district in south Colorado. The top of thé Fox Hills

formation is not always clearly definable, and, in most cases, can only be placed

arbitrarily at the horizon where the first deposits of evident freshwater origin
appear. . .

Laramie formation.—This great formation received no . special study in the
present investigation, and has heen separdted from the adjoining formations only in
a few localities. The work of Cross in the Denver basin and of Hills in the Spanish
Peaks region has shown that it is of less thickness than originally supposed, and that
the great mass of coarse sediments overlying it are of eérly Tertiary age. The thick-

ness of the formation, as thus delimited, averages about a thousand feet in the

Denver region and nearly tw1ce as much in southern (,olomdo

LATER TERTIARY FORI\IATIQN S OF ‘THE CENTRAL GREAT PLAINS.
GENERAL RELATIONS.

A large portion of the centldl Great Plains is covered by deposits of . Miocene

and Pliocene ages, underlain to the west and northwest by formations of the |

White River group of Oligocene age. All these formations lie mainly on the Pierre
shale, but overlap other formations to a greater or less extent. The average
thickness is 200 to 300 feet in east Colorado and west Kansas, but increases to
nearly a thousand feet in portions of west Nebraska and southeast Wyoming. It

. 'is probable that originally the entire region was covered with later Tertiary
_ deposits that extended far up the flanks of the Rocky Mountains, the Bighorn
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Mountains, and the Black Hills, as indicated by the occurrence of outliers at high
altitudes, but a vast amount of the formations have been removed from the higher
lands and in the region. of g]aciaﬁon eastward. The formations have not received
. “systematic study as a whole,-but they have been investigated at various localities
and some of their general relations ascertained. On the geologic maps heretofore
they have all been grouped together and their distribution shown in a most
general way. On the map, Pl. XXXV, there is Tepresented for the first time
the distribution of the White River group, and, although many minor details of
boundaries have not yet been accurately mapped, the outlines as shown are

appmmmately correct: The most:doubtful feature is as to the eastern margin of -

the later Tertiary aFea across eastern Nebraska, and data are not yet available for

separating the Pliocene deposits from the Oligocene deposits in the Monument

Creek area,”south of Denver. The Miocene and Pliocene deposits comprise several
formations, but as these have not been dlﬁ’erentlated t,hroughout the area they
are not separately shown on the map.

White River group.—Early in the study of Great Plains geology the Tertiary
formations were divided into the White River group below and the Loup Fork above.
This distinction is a clearly recognizable one, although, as now well known, there were
confused under the name of Loup Fork a number of separate formations ranging in
age from Miocene to early Pleistocene. )

The White River group has been studied mainly in the Big Badlands, lying
southeast of the Black Hills, where ‘three principal subdivisions were defined, the
the lower one as the Titanotherium beds, the middle as the Oreodon beds, and the
upper as a series consisting of the Protoceras sandstone and some overlying clays.
This classification is distinctly set forth by Doctor Wortman.« In the Oreodon clays
there is often a marked sandstone horizon known as the Metamynodon beds.

In mapping the geology of western Nebraska, in 1897, I had need to subdivide
the formations in the valley of Platte River and Pine Ridge, where 1 found that the
White River group consisted of the usual basal series, the Titanotherium beds, which
I designated the Chadron formation, and the usual overlying series of flesh-colored,
sandy clays, the Oreodon beds, to which the name Brule clays was applied. These
clays were locally overlain by sandstones which .appear to belong to the Miocene
rather ‘than the Oligocene and are almost certainly higher stratigraphically than
. the Protoceras sandstone and overlying beds in the Big Badlands. A reconnaissance
in the high region lying south of White River in the Pine Ridge Reservation brought
out the ‘fact that the Protoceras horizon was overlain. by several hundred feet of
clays and sandstones, which, when traced along the ' Pine Ridge front, appeared to

a Wortman, J, L., On the divisions of the White River or lower Miocene of Dakota: Bull, Am, Mus. Nat. Hist., vol, §,
1893, pp. 95-105.
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A. BIG BADLANDS, SOUTH DAKOTA. EAST OF FLOUR TRAIL.

Charactenistic rounded forms of Chadron clays, overlain by Brule clay (Oredon beds) in distance; remnants of plateau out of which badlands were carved in
foreground and in outlying buttes. Looking east.

B. "TOADSTOOL PARK,” IN BADLANDS WEST OF ADELIA, NORTHERN SIOUX COUNTY, NEBR.

Sandstones overlain by Brule clays.



OLIGOCENE OF WESTERN NEBRASKA. 171

merge into the typical Brule clay. It may be, however, that ‘to the south this
upper horizon either never was deposited or has since been removed by erosion.
A typlca,l section of the Oligocene deposits in Scotts Bluff is given in fig. 4,

. and another at Round Top, west of Adelia station, 75 miles north of Scotts Bluff,
is given in fig. 5. In Pine Ridge and the divides southward ‘o the valley of North
Platte River the Oligocene deposits are deeply buried beneath the Arikaree forma-

-

-~

F1G. 4. —Columnar section 6f Oligocene and Miocene formations in Seotts Bluff and vicinity, Nebraska.

tion. North Platte River has removed this formation for many miles, and in this -
valley the Oligocene beds are exposed in their entire thickness near the Nebraska-
Wyoming State line. ¢ _
‘ The Chadron formation appears extensively in Goshen Hole, where it is
exposed lying on the Laramie sandstones, and extends down Platte Valley into -
Nebraska nearly to Scotts Bluff. The predominant materials are sandy clays and
greenish-gray sandstones, mostly of soft texture, in which  characteristic Titano-
therium remains are of frequent occurrence. The upper limit to the formation is

— . \

1
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. placed arbltrarlly ]ust below some. plnk clays lying below a thin bed of limestone, .
' Whlch is beheved to be at the same horizon as one in the Big Badlands, where it
1_1nmed1ately overlies the last of the beds of Chadron chalacter. The thickness
of the formation appears ‘to be about 200 feet at most, but, as it lies on-a very
. uneven surface, the amount varies greatly.. The sandstories, which oceur at various
horizons, appear to l'ie in parrow. belts, doubtless iﬁdicating channels of d'eposi_tion.‘.

.F16. 6. —Columnar section of Oligbeene and Miocene fdrmatione between Adelia and'Round Top Sioilx Coﬁnn N ebr.

The lineal characber of some of these channels s \erV dlstlnctly exposed in the
western portion of (IOShen Hole..

. -In Platte Valley. thé. Brule clay cons,lsts malnly of a hard sandy cla\ of
pale pink color and massive structure, havmg near the base a thin layer of
limestone.. Locally ‘some portlons are sandy and contain beds of sandstone.
" Extensive’ exposures of Brule clay occur in the nu_rthe1 n _faqe of Scotts Bluft, where
from the base of the overlying Gering beds to the surface of the river there is a .
vertical interval of 500: feet continuous outerop. The formation also has a’small
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HEAD OF COTTONWOOD DRAW, IN CENTER OF BiG BADLANDS OF SOUTH DAKOTA.

A. Protoceras sandstone underlying Leptauchenia clays; showing alternations of sandstones and clays, extreme development of badlands and typical
nodule-beaiing clays in upper clay series B.  Protoceras sandstone overlying Oredan clay; layers of sandstone mark courses of currents inter-
rupting clay deposition at irregular intervals.
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additional thickness be]ow the level of the river. The appearance of this exposure
is shown in Pls. IX and XLVIL . The badlands topography is a characteristic
feature of most exposures of the Brule clay, and-is extensively developed in the
area at'the foot of Scotts Bluff. The massive structure of ‘the formation gives
it the necessary solidity to preserve details of configuration, its softness permits
ready carving by the rain and -rivulets; and the slight variation in the hardness
of its beds gives rise to unequal slopes. . The basal portion of the formation
generally includes a thin bed of limestone, and at various horizons there are
occasional irregular lens-shaped masses of sandstone. The greatest development
‘of the limestone is seen near Caldwell, near Sunflower, south of Gering, and
northwest of Larissa. It is a very thin bed of compact cream-colored rock
lying on a series of pinkish and greenish clays which are regarded as the base
of the formation. . . : S °
‘Beds of voleanic ash occur in the Brule clay, some of them of wide extent
and apparently at constant horizons. One bed,conspicuous in many outcrops

lies at 60 to T0 feet below the top of the formation in the district south and

southeast of Gering. It is about 150 feet below the top at Scotts Bluff, a position
_ which it holds for some distance to the west. Another higher bed-often occurs.
~ Fossil bones of various mammals and turtles characteristic of the Oreodon fauna
of the Oligocene occur in the Brule clay. The principal forms collected in
‘North Platte Valley in the Scotts Bluff region, as determined by Prof. F. A

Lucas, of the National Museum, and in part by Dr.. W. B. Scott, are: Oreodon
gracilis, O. culbertsonii, Paleeolagué_ haydeni, Cynodictus gregarius, Pobrotherium
wz’lso%zz', Elotherium-mortont, Hyracodon nebrascensis, Leptomeryx evansi, Mesohippus
bairdi, Aceratherium occidentale, Stylemys, and Testudo.

As before stated, the top of the formation is 500 feet above the river at
Scotts Bluff. Its surface drops gradually to the west and more rapidly to the
east, and appears to sink beneath the bottom of the valley -a short distance east
of longitude 102°. The upper portion of the formation again appears in Lodgepole
Valley from near the State line to its mouth. .

Along the northern margin of Colorado the White River heds appear in the
lower slopes of the high cliffs from a point south of Cheyenne nearly‘to Julesburg,
presenting extensive exposures in the Chalk Cliffs and at intervals eastward, notably
on the headwaters of Horsehead Creek, as shown in Pl. LIV. They lie on the
Laramie sandstones throughout and are overlain by the Arikaree formation, which
caps the high plains in the divide between the Platte and the Lodgepole. The usual
succession is presented of Titanotherium beds (Chadron formation) at the base, and
the flesh-colored, massive, sandy Brule clays above. These cla).'s are constant in
character throughout, but the Chadron formation varies greatly, in some places
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‘being a greenish-gray sandy clay and in others a very coarse hard sandstone, usually
" containing large numbers of fragments of Titanotherium bones and teeth. In PL

LIV are shown two prominent exposures of 'typical Brule clays with characteristic
erosion forms. : .

Mz. W. D. Matthew® has described the succession in the reglon north of the -
Pawnee Buttes. He writes: ‘‘The lower. part of the White River formation, the
Titanotherium beds, * * ¥ consists of hard, white, or grayish-white clays with
~ considerable horizontal cleavage and containing some layers of sandstones, apparently .
of limited extent.” This formation he designates the Horsetail Creek beds. It is
stated that the fauna is a scanty one, but several species of Z%tanotherium and also
Elotherium were collected. The overlying beds, designated .the *‘Cedar Creek and
Martin Canyon beds,” are described as fine, light-colored, pinkish or buff-colored
clays, much softer than the Titanotherium beds “‘and becoming progressively softer
toward the top of the formation. No horizontal cleavage oi‘Aﬁneu lamination is
discernible in these beds, but from a distance the horizontal color bands are sometimes
marked and very uniform. They do not' however, present any wide v‘a.riations in
color. The fauna is large and -varied. " The upper part of the formation is separated
on account of the difference in fauna, but no stratigraphic demarcatlon can be made
out, the beds becomlng gradually finer and softer as we ascend, but retaining all -

their characters to the top.” Some thin local layers of sandstone Were noted lying
" unconformably on the clays and filling little erosion valleys cut by streams during
the deposition of the formation. The total thickness of the White River.beds in
this area is stated to be 800 feet. = - -

_The Tltanotherlum beds ((Jhadron formation) and part of the over1y1ng Brule
clays occur under the Ogalalla beds on the south side -of North Platte River
and are traceable southward through Washington and part .of Adams counties.
Their precise southern termination was not located. There are extensive expo-
- sures about Fremont Bautte ]ust west of AKron, where sandstones in the Chadron .
formation contain abundant titanotherium and elotherium remains. As suggested
by Cope many years ago, the Monument Creek formatlon appears to belong to
the White River beds. Together with its beds of sandstone it includes clays of
characteristic Chadron and Brule character, from which have been obtained a feW_
fragments of ‘bones of Oligocene age. | ' :

The Whlte River outerops extend along the foot of Pme Ridge through east
Wyoming:and end against slopes of Laramie .sand;stones north of Douglas. - The
Chadron and Brule clays are extensively exposed in the valley of North Platte
- River about Orin Junction and -extend westward up among the ridges on La
Bonte, Horseshoé, and La Prele creeks.- To the east they-.extend through the

aTertiary mammal of the Tertiary of northeastern Colorado: Mem. Am, Mus. Nat, Hist., vol. 1, pt. 7, 1901, 856.
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NORTH FACE OF SCOTTS BLUFF, NEAR PLATTE RIVER, WEST OF GERING, NEBR.

Upper cliffs of Arikaree formation; lower slopes and badlands of Brule clay. Typical erosion forms of Brule clay in
western Nebraska.
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JAIL ROCK.

Showing castellated form of weathering of Gering sandstore; slopes of Brule clay. Valley of North Platte in distance. View from Court-house Rock. Looking east.
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A. ARIKAREE FORMATION ON BRULE CLAY, SOUTHWEST PART OF SIOUX COUNTY, NEBR.

Showing character of Bruile clay and occurrence of concretions which characterize the Arikaree. Looking east.

B. GERING FORMATION ON BRULE CLAY, NORTHWEST OF REDINGTON, NEBR.

Unconformity at man's hand; bowlders of clay in base of Gering beds.
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Rosebud Indian Reservation' to the vicinity of longitude 100°, where they appear
to thin out and disappear. There are extensive exposures of characteristic titano-
therium beds overlain by Brule clays on Little White River a short distance below -
the Rosebud Agency. Hatcher has reported the discovery of titanotherium remains
in the valley of Longpine Creek near Longpine, probably from a small outlier lying
between the Arikaree sandstones and Pierre shale. Deposits of fuller’s earth
reported east of Valentine appear to indicate the occurrence of another outlier
or southeast prolongation of the formation in Niobrara Valley.

‘White River formations occur on several of -the ‘divides west of Cheyenne
R1ver, as ascertained by Newton in the Black Hills survey, and "have been
found to extend far up the flanks of the Black Hills. in the divides ad]omu_lg
© Spring, Battle, and French creeks, in some cases reaching the granites of the
central area. Small outliers have been discovered at intervals along the western
slope of the hills, notably at a locality 18 miles northwest of Hot Springs, where:
fuller’s earth is mined. - At Lead, at an altitdle of over 5,000 feet, there occurs
an outlier of the formation which has yielded numerous remains of oreodon, and
a few miles northwest Doctor Jagger has mapped another similar deposit. In 1900
I found that there were Tertiary deposits extending up to altitudes of 6,000 feet
about the Bearlodge Mountains, which are either of White River or Miocene age:
In 1895 Prof. J. E. Todd made an expedition into the high divides lying between
the headwaters of the Owl, thé Grand, and the Little Missouri in the northwest
corner of South Dakota, where he found outliers of White River formation lying
on Laramie beds. - During the past spring ‘Prof. C. C. ’Harra has ascertained
that there are_ similar outliers on the west; side.of Little Missouri River in the
southeast corner of Montana.

Gering “formation.—In studying the Tertlary deposits in North Platte Valley
it was found that the Brule clay is overlain in some localities by sands and sand-
stones constituting a series sufficiently distinet to be separated as a formation.
Accordingly it has heen so represented in the Scotts Bluff and Camp Clarke
folios of the Geologic Atlas of the United States-and given the name ‘‘Gering
formation.” In several districts there seems to be an unconformity at the top
of the Brule clays rep1esent1ng a considerable interval, The Gering formation
consmts of river deposits laid down in channels upon this old surface, probably
at the beginning of Miocene times. Its most extensive development is seen in
the ridge between the valleys of North Platte River and Pumpkinseed Creek,
and at intervals.along the northern face of Pine Ridge in Sioux County; it also
appears in the valley of Lawrence Fork and in northeastern Colorado.

The formation attains a thickness of 200 feet near Chimney Rock, in North
Platte Va,lley, but is usually much less than.this. The principal material is soft
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sandstone with pebbly layers and often with,two or three members of sandsfone °
. with more or less conglomerate at the base of each. -The formation lies on an
" irregularly eroded surface of Brulé clay and includes pebbles of Brule materials.
A contact of this sort is shown in PL XLIX, 4.

In sec. 4, T 15, R 54, in the valley of Lawrence Fork, there .is an exposure
in which the Gering beds are seen to lie in a very irregular channel in the Brule
clay and to consist almost entirely of conglomefate of local origin. Some
features of the stratigraphy and relations of the formation are shown in figs. 4 to 8.

A small number of fossil bones were collected from Gering sands in North
Platte }Valley.’ According to determinations- by Profs.” W. B. Scott and F. A.

.2

F16. 6.—Columnar section of Gering and associated forma- " FIa. 7.—Columnar section of Gering and associated forma-
tions 6 miles south-southwest of Gering, Nebr. tions 7 miles due south of Gering, Nebr.

Lucas the following forms oceuri Dienictis major, Merycochwrus rusticus, Lep-
tauchenia decora, L. nitida, Aceratherium platycephalum, and rhinoceros.

Arikaree formation.—A large portion of the higher lands of western Nebraska
and southeast Wyoming extending south from Pine Ridge is capped‘ by sands
and soft sands@ones which have been designated the ““Arikaree formation.” It is
the principal component of the series formerly termed “Loup Fork.” . Generally
it lies unconforipably on the Brule clay but overlaps the margins of that formation
in some portions of the area. It attains a thickness of over 800 feet in southeast .
‘Wyoming, and, judging ‘from the occurrence of outliers, formerly extended -far up
the slopes of the mountains to the north and west. ' ‘
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A CHIMNEY ROCK, NORTH PLATTE VALLEY, NEBRASKA.

Gering sandstore on Brule clay; voicanic ash stratum under horse's feet.  Looking west

B. CONGLOMERATE IN ARIKAREE FORMATION, 3 MILES SOUTHEAST OF LARISSA, NEBR.

Showing wrregulanties in base of conglomerate



. ARIKAREE FORMATION OF THE GREAT PLAINS, Nk

N

The predominant material is sand loosely cemented into a soft sandstone.
The colors vary from white to light gray. Characteristic, partly calcareous con-
cretions occur throughout the formation and greatly predominate in its lower
‘members. They are mostly of elongated cylindrical form, usually occurring in
layers connected to a greater or less extent into irregular sheets. Their character
is indicated with a fair degree of distinctness in Pl. LII, B. From observations
by Professors Barbour and Fisher it has been found that these concretions are
due to the growth of calcite crystals in certain portions and layers of the sandstone.
It is owing to these hard concretions that the formation gives rise to prominent
topographic features, notably such as the high escarpment along the northern
face of Pine Ridge. - A - -

In portions of North Platte Valley in western Nebraska and along Pine
Ridge the formation is underlain by Gering sands and sandstone, and; although
in some cases the two formations ure separated by unconformity, they usually
so merge that it is believed that the Gering‘ beds represent the first deposits of
Arikaree times, separable only in areas where they consist of coarse material
laid down in channels. The southern margin of the Arikaree formation appears
in the high cliffs extending eastward from Chalk Bluff along the northern margin
of eastern Colorado. -To the east it appears to constitute the surface of the
greater part of western' and central Nebraska, while to the south it thins out and
disappears under the Ogalalla formation from northeast Colorado to the southwest
corner of Nebraska. The Arikaree is the formation which constitutes the
northern portion of the High Plains, which are continued south by the over-

"lapping Ogalalls, formation.

According to Hatcher® the Arikaree formation in the western portion of Pine
Ridge is divisible into three distinct horizons, comprising the Monroe Creek heds,
which overlie the Gering sandstones north of Harrison, Nebr.; the Harrison beds,
which constitute the surface of Pine Ridge in the vicinity of Harrison; and the
Nebraska beds of Scott, which occur along Niobrara River south of Harrison.
The Monroe Creek beds are stated to consist- of 300 feet of very light-colored, fine-
grained, not very hard, but firm and massive sandstones, which decrease in thick-
ness rapidly to the east and increase to the west. They have yielded fossils, which
appear to represent the upper ‘“John Day” and lower ‘“Deep River” faunas.

The Harrison beds are composed of about 200 feet of fine-grained, rather inco-
herent sandstones, with numerous siliceous tubes.arranged vertically rather than
horizontally, and large numbers of Damoneliz. From these beds Hatcher reported

aProc. Am. Philos. Soe., vol. 41, p. 113,
10001—No. 32—05——12
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a large number of fossil mammals belonging to characteristic Miocene genera; believed
to represent the hiatus between the lower and upper Deep River.
The Nebraska beds consist of buff-colored sandstone of varying degrees of

hardness and undetermined thickness, with occasional layers of siliceous, not calca--

reous, grits, which piotrude as hard, indurated, or shelving masses in the base of
the cliffs, They contain large numbers of fossil bones, regarded as belonging to
upper Deep River fauna. , _

Ogalalla formation.—In studying the geology of North Platte Valley in west
Nebraska it was discovered that the Arikaree deposits were overlain unconformably
by deposits of sand, gravel, and calcareous grits, which; on being traced south, were
found to be the north extension of the Tertiary grit and mortar beds of .the- Kansas
and east Colorado region. They were given the local designation Ogalalla formation,
and in the Scotts Bluff and Camp Clarke folios of the Geologic Atlas of the United
States their distribution and relations were set forth. The formation was found to
overlap to the-east and south on the Brule clay, and in southwest Nebraska, west
Kansas, and east Colorado to lie directly on Pierre shale, Niobrara, Benton, and
Laramie formations. ‘ '

In the vicinity of North Platte River the formation is thin. To the north and
northeast it apparently thins out entirely, but to the south it constitutes the surface
of the High Plains over many thousand square miles, taking the place of the
Arikaree formation, which has similar topographic relations to the north. Its
distinctness from that formation was clearly ascertained both along the south side
of North - Platte Valley in west Nebraska and in exposures in northeast Colorado,
where the Arikaree beds are well characterized and are seen to be unconformably
overlain by the Ogalallu‘ beds. Moreover, the overlying formation contains
numerous- hones of Pliocene age at many localities in Kansas and in adjoining
1‘egionsI. ‘ . - _

The materials of the Ogalalla formation are mainly sands merging into gravels,
and gravelly sands more or less cemented by carbonate of lime into a grit rock
which often has the appearance of rough mortar, from which the name *‘mortar
beds” is derived. Sometimes the lime rock contains but little sand, and usually
it varies from grit to conglomerate or conglomeratic grit.

This rock outcrops extensively in west Kqﬁsas and southwest Nebraska. To
the west in Colorado it usually contains less lime, while the high plains in that
State are mostly mantled by a deposit of sand and gravel, which extends west to the
foot of the Rocky Mountains on the Arkansas divide. In the region about Denver
and northeast down the valley of the South Platte the formation has been removed
over a wide area, but on the north side of that*valley it again appears, capping the
High Plains and probably extending to the foot of the mountains in the southeast

>
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corner of Wyoming. It is extensively exposed in the High Plains divides in both
sides of Lodgepole Valley all the way to its head, lying on typical Arikaree beds
thronghout. In the divide south of Arkansas River the Ogalalla formation extends
on the High Plains surface to beyond longitnde *103° and is found at intervals
farther west on some of the higher summits in the ‘‘Nussbaum?” formation of
Gilbert. Near the south line of Colorado it is overlain, accordmg to W. T. Lee, by
lava flows of Mesa de Maya and other areas. ° .

The southeast margin of the Ogalalla formation in Kansas is exceedingly‘
/irregular, extending far out on the divides and retreating far west up the valleys of
Smoky Hill and Solomon rivers. In Arkansas Valley the formation descends to
low levels from longitude 98° to 101° in a syncline; probably of post-Ogalalla age.
The Ogalalla formation extends far eastward in southern Nebraska, but its north
and east limits in this State are hidden by the great deposits of loess Whlch extend
across the central and eastem counmes

OUTLINE OF GEOLOGIC HISTORY.

The sedimentary rocks of the Great Plains region afford a record of physical
geography from middle Cambrian. time to the present, but owing to the lack of
knowledge of the relations of some of the deeply buried rocks and to our imperfect -
interpretation of many features of different geologic epochs, only a general outline
can be offered as to the general sequence of events. One significant feature is that
most of the conditions were widespread, for there is remarkable uniformity in the
Tesulting products. There were undoubtedly many marine submergences and
several periods of emergence in which the surface was sculptured by running

waters, especially in the later epochs. -

CAMBRIAN SUBMERGENCE.

One of the great events in eérly North American history was the wide expan-
sion of an interior sea over the west-central region. The submergence reached the
Rocky Mountain province during middle Cambrian times, finding an irregular shore
line about a great series of archipelagoes. From the ancient crystalline rocks of
these shores waves and streams gathered and concentrated sands and pebbles, which
were deposited as a widespread sheet of sandstone and conglomerate on sea beaches,
partly in shallow waters oftshore and partly in estuaries. We now find numerous
exposures in which these sediments, containing much local material, may be seen
" abutting against the irrvegular surface of the crystalline rocks which formed these
shores. The central portion of the Black Hills was probably an island in the earlier
stages of this period, and, as Mr. Emmons has shown, the Laramie Range and the
Rocky Mountain Front Range were highlands rising out of the Cambrian sea.
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As middle Cambrian time progressed submergence increased, and in thé"region
West and northwest of the central Black Hills, at least the thick mass of finer-
glamed mudq now. reprebented by the mlddle Cambrian shales and limestones in
the region to the n01th was _deposited. The conditions in later Cambrian times
are much less- clearly 1nd1cated for there appeax to be no sediments of this age in
the region n01th and the small areas of upper Cambrlan rocks west of Colorado
Splmgs throw but little light on the problem Possibly the submer gence to the
north was so -deep and the shores became so distant that the conditions for sedi-
meéntation were unfavorable, so that the upper Cambrian is replesented by a very ~
bhm deep-sefm dep081t which we either have not recogmzed or which was removed
before the deposition of the Ord0v1c1an sedlments

O_RDOVIC-IAN.

Apparently in Ordovician times there was widespread submergence over the
entire Gireat Plains region, and also deposition of a considerable mass of limy
" sediments “to the west and limy and sandy sediments to the east. The rocks
“now exposed in the mountain uplifts northwestward appear not to represent the
_entire” périod, being .older  to the south and younger to the north, but the
- ~interpretation. of this distribution is difficult, owing to our lack of knowledge of
. the relations and sequence. of beds-in the great deeply buried area away from
"the uplifts. - The present Bighorn and-northern Black Hills areas appear to have
been completely submerged, but the Laramie range, Rocky Mountain front range,
.and -the ridge now extending .underground past Hartville to and including the
southern Black Hills probably was a.shore line. The Ordovician rocks now
visible west of Colorado:-Springs appear to have- been .deposited in estuaries or
embayments, which extended west beyond the general line of the Rocky Mountain
. front,-and persisted through all or nearly all of Ordovician, and possibly into
earliest Silurian, time. Of course it is possible that some of this area, in which
there are now no Ordovician 1ocks, received deposits which were removed by
erosion in -Silurian, Devoman or early Carboniferous times.

- SILURIAN DEVONIAN .CONDITIONS.

Flom ‘the dose of Ordovmlan time to the eally Carbomferous sea the uplifts
a,loncr the western margin of the Great Plalns region present no geologic record, the
Silurian and Devonian being absent throughout. This is probably because there
was an extensive but very shallow.sea, or land so low as to leave no noticeable
- evidence of erosion. Whether it remained land or sea, or alternated from one to
" the.other condition, the region shows no-evidence-of having undergone any consid-

erable uplift or-.depression until early in Carboniferous time, when there was a
- decided subsidence; which established rela,tlvelv deep water and marine conditions
generally throughout the region.
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BUTTE CAPPED BY BED OF SANDSTONE IN ARIKAREE FORMATION, NORTHEAST OF BOXELDER SPRINGS, NEAR HARTVILLE, wYoO.
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CARBONIFEROUS SEA.

"Under the marine conditions of the early Carboniferous there were laid down
calcareous sediments, which are now represented by several hundred feet of nearly
pure limestone, known as the Pahasapa and Englewood limestones in the Black
Hills, the Little Horn limestone in the Bighorn Mountains, and the Guernsey and
lower Hartville limestones in the Hartville uplift. As no coarse deposits occur it is
probable that no crystalline rocks were exposed above water in the northern part of
the region, but to the south, between_latitude 41° and 42°, the limestone, or its
stratigraphic equivalents, was deposited immediately upon them. In the southern
Black Hills the limestone lies directly on a thin sheet-of Cambrian sandstone, the
thinness of which and the absence of Ordovician beds possibly bemcr due to pre--
Carboniferous erosion. :

Along the Rocky Mountain front the lower Carboniferous beds appear only at a
" few points, apparently in estuaries which extended west of a general shore line now
buried under the later Carboniferous sediments by the overlap of the latter on the

“crystalline rocks. In the later part of earlier Carboniferous time there: appear to

have heen shallower waters with sediments of mixed limy and -sandy nature in some
portions of the region to the northwest, while .in the Black Hills and Bighorn

districts some red shales of nonmarine character appear to have heen deposited in \

an area of wide extent, if the lower portion of the Minnelusa and Amsden formations
. are to be regarded as lower Carboniferous in age. In later Carboniferous times,
pl’lOI‘ to the Permian, the conditions presented considerable diversity, with limy and
lime and sand deposition northwest and southeast and coarse red beds along the
Rocky Mountain front, while in southern Colorado and southward there was an.
alternation of coarse red beds and limestones. )
Assuming that the upper Red Beds are all of Permian age, there was in the

earlier portion of this period still further emergence, resulting'in a shallow basin,

which extended across the western portion of the central Great Plains region and

far northwest. In this basin were laid down the great mass of red shales of the’

Chugwater red beds, with their extensive interbedded deposits of gypsum, presum-
ably products of an arid climate. The sandy clay of this formation accumulated in

thin layers to a thickness of 500 to 1,000 feet, and there is such uniformity of the

deep-red tint that this is undoubtedly the original color. This color is present not
- only throughout practically the entire outcrop of the formation, but also throﬁghout
its entire thickness, as is shown by deep borings. It is, therefore, not due to later
or surface oxidation. This deposition of red mud was interrupted from time to time
by chemical precipitation of comparatively pure gypsum in beds ranging in thickness
from a few inches to 30 feet, and often free from mechanical sediment. It is apparent
that these beds are the products of evaporation while mechanical sedimentation was
temporarily suspended, a concliition indicative of greatly diminished rainfall; other-
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wise it is difficult to understand their nearly general purity. Most of the red
deposits were laid down in shallow water, so that there must have been a subsidence
which kept pace with- deposmlon most' of the time.

At an early stacre of depomtlon of the gypsiferous Red Beds in the western
portion of the region there was a widespread 1nte1ruptlon of the shale sedimenta-
tion, and carbonate of lime was pleclpltated in the thm but wonderfully pers1stent
bed now repr esented by the Minnekahta limestone. In the Bighorn region also
there was an alternation. of lime and red clay deposition toward the end of the epoch.
To the southeast, in Kansas and Oklahoma, there was deposited simultaneously with
the gypsiferous Red Beds a part at least of the dark shales into which they merge.
These shales, whlch are of Permian age, contain thick deposits of salt and scattered
deposits of gypsum at various horizons. Apparently, also, to the southeast, some of
the lowest Red. Bed deposits are represented by limestones of the lower members-
of the Permian, the products of deeper marine ‘waters. Whether this deposition of -
the Red Beds extended into or through Triassic times in the centtal Great Plains
‘Tegion is not. known, but evidently it was ended by the uplift which brought the
region above the water. Probably this condition extended through the latter part
if not all of the Triassic, and well into Julassm tlme, during which there was no
deposition and plobably some slight erosion. :

JURASSIC SEA.

In later Jurassic time a sea covered the region in which the Laramie and °
Bighorn mdu_ntdins and the Black Hills now rise, and doubtless extended for some
distance into northeast Colorado. The conditions varied somewhat from shallow to
deep waters, but marine waters prevailed. The materials are nearly all ﬁne—grained '
and indicate the absence of strong currents, except along some portions of the
. shores, where coarse sandstones were laid dowu some of them of bright-red color,
which probably derlved their sediments from ad]acent land surfaces of red beds.

. Generally, however, clay was the first sediment, and it was followed by rlpple-

marked sandstone, evidently laid down in shallow water and probably the product °
of a time when sedimentation was in excess of subsidence, if not during an arrest of
subsidence.” The red color in the medial part. of the Jurassic deposits in some
districts may represent a transient return to arid conditions similar to those under
which the gypsﬁerous red beds were laid down, this condition being indicated by a
local Jurassic gypsum deposit in Casper Range, The next series, a thick mass of
shales with thin hme;tones filled with marine fossils,- is indicative of deeper waters.
After this stage there was Wldespread uplift, at least in the nor thern portion of the
. region; and the sands of the Unkpapa sandstone were deposited in the Black Hills
region apparently in shallow fresh waters with moderate currents. There was no
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A. CONGLOMERATE LYING ON ARIKAREE SANDSTONE, AT BASE OF OGALALILA FORMATION,
5 MILES SOUTR-SOUTHEAST OF REDINGTON, NEBR.

TYPICAL PiPY CONCRETIONS OF ARIKAREE FORMATION, SCOTTS BLUFF COUNTY. NEBR.
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erosion of the surface of the marine Jurassic deposits at this stage in the region
north, but.if these deposits originally extended farther south in Colorado than we
now find them they were eroded from that area at this time. Probably, however,
the region along the eastern foot of the Rocky Mountain range was & land surface
throughout Jurassic and-earliest Cretaceous time, as shown by the general uncon-
formity between the Morrison formation and the Red Beds in that region.

CRETACEOUS SEDIMENTATION.

On the. aseumption that the Morrison formation is equivalent to the upper.
members of the Comanche series, there is a long interval of earlier Cretaceous time
not represented by deposits in the central Great Plains north of latitude 37°.
Morrison sedimentation was in a long, relatively narrow trough extending along the
" Rocky Mountain region, as shown in Pl. XLIV. This trough was occupied by a
shallow body of fresh water which deposited very fine- gmmed sediments, mixtures
of clay and fine sand with- thin, irregular bodies of coarser sand deposited by
streams or along shores, and with occasional thin beds of limy sediments. Huge

saurians were abundant, as shown by the frequent occurrence of their remains'in
' the deposits, although it is possible that this abundance is ‘due mainly to 1ncreased,
mortality or more favorable conditions of preservation, or both. )

~ Morrison tlme was' succeeded abruptly by a change to cond1t1ons under which
coarse- glamed, cross-bedded, massive Dakota-Lakota sandstones.were deposited..
" Although the deposits change abruptly and there was local channeling of the sur- .
face of the soft Morrison deposits, the. erosion appears to be of remarkably small
amount and no more than would be expected to result from the stlong currents

o bearing, coarse. sands and pebbles. -

It is believed. that there was no great uplift-erosion infefval'fol]owing Morrison
.-deposition, for if there had been the soft deposits would have been widély removed.
As’it is, the Dakota—Lakota sandstones lie on a uniform series of Morrison sedi-
ments from Montana to New Mexico and Oklahoma. It isa significant fact also in’
this cennection that some of the saurians of the Morrison time continued into the
next époch. In southeast Color ado, west Kansas, and south, where Morrison deposits
- appear. to'be represented by upper Comanche sediments, marine conditions pre- -
vailed in the early Cretaceous time, and these gave place to an alternation of marine
and- fresh water condltlons-—probably estuarme—of whlch the products are the
lower members of the “Dakota series.’

The Dakota-Lakota sands were der1ved from garious sources not fully located
' and.spread by strong. currents in thick beds, with intervening shales in some areas. .
In the earlier stages local coal beds were accumulated in the Black Hills region.

@ »
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Midway in the series a thin, widely extended clay body was laid down. Just prior
to this, in the Black Hills region, a thin local bed of limestone was deposited. The
extent of the Lakota as: separated from the.Dakota not having been ascertained,
excepting that both are. present in the Black Hills region and that the Lakota is
surely absent in éast Nebraska and ‘east Kansas, their relative areas of deposition
can not yet be indicated. - The vast extent of this coarse-sandstone series is a won-
derful feature, and it is difficult_to _picture the conditions under which it accumu-
‘lated. . I formerly thought that there might have been a shore line progressing
- gradually; westward, with coarsé deposits near shore and fine depoqits in the deepen-
ing waters east, so that the Dakots sandstone in western Kansas; for instance, might
be represénted by shales in central Kansas but since the Benton stratigraphy and
the Dakota-Benton relatlons are so umform over the éntire . area thlS hypothesis is
untenable. ‘ : ;
Following the depos1t10n of thls great sheet of -sandy sedlments there was a
_rapid change to clay deposition, of which the first representative is the Benton shale
a formation even more’extensivé than the underlying Dakota sandstone. - This rep-
resents the later Cretaceous submergence, in. which marine conditions prevailed, and
it continued until -seweral thousand feet of clays were dep081ted during the Benton,
the Niobrara, and the Pierre epochs. In Benton times there were occasional deposits
" of ‘sand, ‘and -one thin but very widespread deposit of lime, the Greenhorn lime-
stone, near the middle of the Benton sediments. The shale-of the Benton is fol-
Towed by several hundred. feét of impure chalk, now constltutmg the Niobrara forma-
tion, and this in turn by many hundred’ feet of Pierre shale, which thickens rapldly
to the west, attaining 1;200.feet or more in western South Dakota and over 7 000(?) '
feet adjacent to the Rocky Mountains in a limited area west of Denver. . .
'The "retreat of the Cretaceous sea, which corresponds with the Fox Hills
epoch resulted in extensive bodies of brackish waters, which spread sands over the
clay beds; .‘_and then ‘of ‘fresh waters; which deposited the sands, clays, and marsh
material of the Laramie.”” Apparently. these last-mentioned formations were. not laid
dowh'mﬁch éast of longitude 101°, for they thin rapidly to the east, although, as
we do not know the extent of post _Laramie erosion, their foriner hm1te can only
be con}ectured .. '
~In the Bighorn. Range, at least there was ‘an - uphft of moderate prommence
in early'Laramle_ times;’ posmbly‘commtmg only of a fault of local extent. It
-was of’ sﬁfﬁcient’magnitude however, to afford erosion products ‘from beds down
to the’ Lambuan some .of the materlals of which appear in a long lens of con-
glomerate extendmg for 40 miles along the east side of the range. o
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ARIKAREE SANDS FILLED WITH DAMONELIX, AT HEAD OF LITTLE MONROE CANYON, SIOUX COUNTY, NEBR.
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EARLY TERTIARY MOUNTAIN GROWTH.

There was extensive uplift in the Rocky Mountain province in early
Tertiary time. This fact is clearly indicated in the Black Hills and the Laramie
ranges, where the Oligocene deposits lie on an eroded surface having' the general
outlines of the present configuration, a relation which indicates that some of the
mountain uplifts were truncated and the larger outlines of topography.est&iblished
in earlier Eocene time. It is probable that the main uplift of the Rocky
Mountain Front Range and the Bighorns also occurred in this same epoch. Where
‘the great mass of eroded material was carried is not known, for in the lower
beds to the east and the south there are no early Eocene deposits nearer than
those on the Gulf ceast and the Mississippi embayment, excepting the relatively
small areas of Denver and Arapahoe formations in the Denver basin and- their
possible representatives north through eastern Wyoming. The early Eocene
erosion was effected .by streams which had strong declivities due to the uplifts.

OLIGOCENE FRESH-WATER DEPOSITS.

Later in Tertiary time, after the outlines of the great mountain ranges to the
north and west had been carved, there was a long period in which streams of moderate
declivity flowed across the central Great Plains region. These, with frequently
varying channels and extensive local lakes due to damming and the sluggish flow
of the waters, laid down the widespread mantle of the Oligocene or White River
d:aposits. These began with the sands of the Chadfoq formation, which show clearly
the course of old currents by channels filled with coarse sandstone, and areas of slack
water and overflow in which fuller’s earth and other clays were laid down. The area
of deposition of this series extended across east Colorado and Wyoming and west
Nebraska and South Dakota, and probably also farther north, for the deposits have
beén found in west Canada. Doubtless the original extent was much wider than

“ . the area in which we now find the formation, for much has been removed by erosion.

The White River epoch was continued by the deposition of the Brule clays under
conditions in which the currents were less strong and local lakes and slack-water
overflows were more extensive.- The Brule clay has about the same area as the
the Chadron, and originally was much more extensive than it is at present. .

At the beginning of Miocene time the general conditions had not changed
‘materially, hut doubtless for a while an extensive land surface existed in the
central Great Plains-area. In the stream channels extending across this surface
the Gering formation was laid down, one channel extending across west Nebraska
for some miles just south of North Platte River. Next came the deposition of a
vﬁdéspread sheet of sands derived from the mountains to the west, probably spread
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over the entire central Great Plains region by streams, aided to a minor extent
by winds. The streams of this time shifted their courses across the Plains,
spreading the débris from the mountains in a sheet which in some parts of the
area attained a thickness of 1,000 feet—a flat alluvial fan of wonderful extent.
This is the Arikaree formation, which buried some of the lower ranges of the
uplifés, as shown by the high altitudes to which it extends on the slopes of
Rawhide Butte and along the front of the Laramie Range. It has been so widely
eroded since its deposition that we do not know its original extent, but doubt-
less, . as suggested on Pl XLIV, it covered most of the oentral Great Plains ‘
fa¥ to the ‘east. . It was followed by uphft and erosion—er osmn which removed the
Arlkal ee and parts of underlylng formatlons from the south and the east, leaving
the thlckest nass of the deposm in west Nebraska and east Wyommg Pr obably,
‘ 'howevel it never was thlck nor widespread to the south, erosion predominating in
‘that, palt of the area durlng deposmon to the nor th.” Next came the epoch in which
the dtreams began deposmlng the thin mantles of sands of the Ogalalla and other
late Pliocene formamons especially in south.Colorado, in south Nebraska, in Kansas,
and in reglons farther south. The, depos1tlon at this time appears to have been
malnlv in" the southern region above described, elosmn plobably predommatmg
in the district lying farther north.
These alternating. conditions of later Tertiary deposition and erosion, ﬁlst in
the north and next in the south were undoubtedly determined hy differential
uplift, the uplifted region suffering erosion and the depressed or statjonary regién
receiving deposits from streams which did not have sufficient declivity to carry .
off their loads. This condition also is a feature of the semiarid climate of the
Plains, the mountain torrents and’ resulting vigorous erosion furnishing large
amounts of débris, which the streams of low declivity and constantly diminishing -
volume on the Plains were unable to carry to the sea. Even if such a region is
traversed by valleys cut during a time of uplift or increased rainfall, when cutting
~ceases these valleys are soon filled by sediments, and when they are full the
streams at times of freshet, and to a less extent in the dry portion of the year,
- shift their courses so as finally to spread a wide mantle of deposits over’ the
entire area in which there is sluggish drainage.

. Durmg the early. portion of the Pleistocene there was uplift and floods: from~
increased precipitation, which resulted in widespread denudation of the preceding
: :deposlts -s0 that the later ones were entirely removed in the eastern portion of the
area, where there were glacial floods, and widely and deeply.trenched in.the west
"poltion To the west there extended to. the foot of -the mountains a great high
-plam of wonderful smoothness, mantled mostly by the Arikaree. to- the north
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A ARIKAREE SANDSTONE ON BRULE CLAY, IN PAWNEE BUTTES, WELD COUNTY, COLO,

Strong unconformity due to erosion, typical beds of concretions in Arikaree formation.

B. ARIKAREE SANDSTONE ON BRULE CLAY, 18 MILES NORTH OF STERLING, COLO.

Strong evidence of erosion between, and typical features of, both formations
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OGALALLA CONGLOMERATE ON BRULE CLAY, AT MOUTH OF ASH CREEK, DEUEL COUNTY, NEBR.
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“and by the Ogalalla and possibly ‘some later deposits to the south, the product
of later Tertiary Adeposition. As the Black Hills dome rose somewhat higher than
the general uplift, there -was deep erosion around it, so that the High Plains,
whatever their extent may have been in that region, were largely removed, and
their r;oi‘the’rn edge left, as at present, in the great escarpment of Pine Ridge
facing toward the Black Hills uplift. Farther south, across Nebraska, Colorado,
Kansas, and Texas, the High Plains still present wide areas of tabular surface,

| though the streams of Pleisto-

cene time_cut into them deeply
-and removed them widely.
Numerous changes in stream
courses took place in Pleisto- .
cene times, some of the valleys
-still presenting relations which
clearly illustrate their history.

One of the most important
causes of changes in drainage
was the presence of the great
ice sheet during the Glacial
epoch, especially in eastern
South Dakota. As shown by
Prof. J. E. Todd,? the Missouri
‘originally flowed down the wide
valley now occupied by the -
James; the Grand, Cheyenne,
White, and others, were then

at a higher level, flowing across

F16. 10.—Outline map showmg relatlons of upper Belle Fourche and the region now occupied by the
Little Missonri druinages- . divide between the James and
the Missouri. The original drainage relations, according to this idea,. are shown
in fig. 8. - ‘ '

Later in the Glacml epoch the margin of the ice sheet advanced to the west,
filling up James River- Valley, shortening the branch streams from the west, and

giving rise to a new river having the course of the present Missouri, which at

~ once began to-cut a deep valley in the soft Pierre shales. The 1elat10nb at this
period are shown in fig. 9.

“When the ice sheet retreated the new v alley had been cut so d,eeply that the old
course coilld not be resumed, and the new one has persisted until the present time.

aTodd, J."E., Hydrographiec history of South Dakota: ‘Bull. Geol. Soc. America, vol, 13, 1902, pr;. 27-40, pl. 3.
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ARCHWAY ERODED IN MONUMENT CREEK SANDSTONE, AT “ELEPHANT ROCK,” NEAR
MONUMENT, COLO.

Showing massive character of sandstone.



NEW DRAINAGE NORTH OF THE BLACK HILLS. 189

Along the east side of the Black Hills many of the streams are cutting new
valleys, some of which have tapped the heads of former valleys, causing consid-
erable complexity in the topographic relations and affording many striking examples
of stream robbery. One of the most extensive stream diversions in the Black Hills
has been that of the upper waters of the Belle Fourche into the Cheyenne River
drainage at the peculiar sharp bend at the north end of the Black Hills uplift.
Originally this stream above the bend was the main head branch of Little Missouri
River, the connection
with the present Little
Missouri Valley being at
A in fig. 10.

At this locality, A,
there is a wide, flat-bot-
tomed valley, which to
the north merges into
Little Missouri Valley, as
shown north of Sin fig.11.

At the bend in the Belle
Fourche the stream now
occupies a new canyon,
cut about 50 feet below
the floor of the older val-
ley. This robbery was
due to a small branch of
Cheyenne River, which
had steep declivity and
was in greater part cut-

ting along the strike of

. X . Fi16. 11.—8keteh showing abandoned valley through which the Belle Fourche
bOft bhales, 80 that 1t had formerly joined Little Missouri River. 8, Stoneville Flat; M, Little

greatly the advantage of Missouri River; B, Belle Fourche River.
the original headwater branch of Little Missouri River, and finally tapped it. The
water now flows to Missouri Valley in central South Dakota by a course 300 miles
shorter than the roundabout one that it formerly followed down the Little Missouri
far to the north and then back to the southeast through central South Dakota.

In most portions of the central Great Plains erosion is still in progress, especially

in the smaller streams, where the water has sufficient declivity to carry away its
load; but in some of the larger streams the valleys are building up, as in the later
Tertiary periods, through the volume of water not being adequate to carry away the
waste from the adjoining slopes. Without further uplift the valleys will in this way
in time be filled, the streams will again wander over the divides, and the Great Plains
receive a new mantle similar to‘those of Tertiary time.
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 UNDERGROUND WATERS OF THE GREAT PLAINS.

GENERAL CONDITIONS.

"The thick succession of sedimentary formations underlying the Great, Plains
“includes porous strata containing large volumes of water.- These . water-bearing ‘
~deposits comprise widespread sheets of sandstones or sand; from Cambrian to Ter-
fiary in age, the alluvial sands in the bottoms of valleys, and the sands of the sand
hills. The sandstones of the older formations are in sheets often’ geveral hundred
feet thick, alternating with bodies of relatively impermeable shales or limestones, so
that they present tavorable conditions as water bearers. To the west they are -
upturned by the great uplifts and outcrop along the high mountain slopes; to the
east most of them rise gradually to the surface, whilé in the central and northern
regions they lie at great depth under the heavy mantle of younger deposits.
Although most of these general relations are shown in the ten cross sections of
Pls. X and X1, the simplified section in fig. 12 will show more plaﬁnly the ‘problem‘
of the artesian waters. | " - o : .

-

W

&é‘&

Fra. 12.—Cross section of the Greal Plains, showing general structural relations of the water-bearing strata; ¢, Cam-

_ brian sandstones; B, Carboniferous and Ordovician limestones with loeal sandstone beds; &, Red Beds; D, Dakota-Lakota

sandstones; K, Benton, Niobrara, and Pierre formations, mostly shale; 1, Laramie and Fox Hill§ formations, largely sand-
stones; T, Tertiary deposits, in part sandstones; L, Loess underlain by gravel; @, Glaeial Jrift. ’ ’

Part of the surface water pdsses into the gandstones 1n their elevated outcrop
zones along the foot of the western mountains and flows east through the permeable
rocks, in most cases finally escaping in springs in the low-level areas of outcrop
eastward and southward. . In such water-bearing strata as the Dakota and under-
lying beds, which are overlain by a thick mass.of impermeable deposits; the waters
are under great pressure, for the intake zone has an altitude of from 4,000 to 6,000

feet and the region of outflow is-only from 1,000 to-1,200 feet above sea Jevel.
_The existence of this pressure, as found in many wells in eastern South Dakota,
is the strongest evidence we possess that the waters flow underground for many.
hundreds of miles. Several wells show surface pressures over 175 pounds to the
square inch and two are slightly over 200 pounds, the latter indicating a pressure
of 780 pounds at the bottom of the well. - Such pressures can only be explained
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ERODED SANDSTONES, MONUMENT PARK, COLORADO.

Photograph by W. H. Jackson.
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by the hydrostatic influence of a column of “water extending to a high altitade
west. If it were not for-the oytﬂ'ow of the water to the east and south the initial
head which the waters derive from the highlands of the intake zone would continue
under the entire region, but owing to this leakage the head is not maintained, and
there is a gradual diminution to the east known as ?‘hydrostﬁatic grade,” a slope
sustained by the friction of the water in its passage through the strata. In
fig. 18 there is shown a simple apparatus which illustrates the general conditions.

Fig. 18.~Diagram of apparatus for illustrating the declivity of head of liquids flowing from a reservoir, The shaded -
portions are water.

Another factor which undoubtedly somewhat influences the hydrostatic grade
-in the Great Plains region is a certain but unknown amount of general leakage
through the so-called impermeable strata, all of which permit the passage of an
appreciable proportion of water, especially when under great pressure. The
conditions shown in fig. 18 are closely similar to those found in the Dakota sand-
stone, which is the principal water-bearing stratum underlying the Great Plains.
From the altitudes of outcrops of this sandstone and pressures observed in many
wells the lines in Pl. LIX have been constructed fo indicate the observed and
probable head of the artesian waters. In areas of flow the pressure in pounds
at any point may be ascertained by subtracting the altitude of the land from the
altitude of head and dividing by 2.8 (the height in feet of a. column of water
1 inch square, weighing ‘1 pound). In areas too high for flow the depth to the
point to which the water may be expected to rise may be found by subtracting the
altitude of head from the altitude of the land. : )

WATER HORIZONS.
CAMBRIAN.

-The basal sediments in the Great Plains region consist mainly of sandstones, -
which probably underlie nearly the entire area and contain water. They outcrop
extensively in the uplifts of the Bighorn Mountains and the Black Hills and have
been reached by some of the deep wells in the lower Missouri Valley, but, owing
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to the great depth at which they lie in the central region, nothing is known of
their relations or capabilities. In a few districts immediately’adjoining the Black
Hills the sandstones of the Deadwood formation may be reached by wells, but
as, in most portions of the area, the depth would be considerably over 2,000 feet
and as there are excellent prospects for water-at a less depth, it is not likely
that these sandstones will be tested except possibly at a few points in Red Val-
ley. The deep boring at Minnekahta appears to have failed to reach them at a
depth of 1,348 feet. At Lincoln, Nebr., a red sandstone 71% feet thick, lying on
supposed Sioux quartzite, was found at a depth of 2,121 feet, which may pos-
sibly be of Cambrian age. It yielded no water supply.

ORDOVICIAN.

The Ordovician rocks in the Bighorn Mountains, northern Black Hills, and
west of Colorado Springs are mostly limestones not likely to contain water, and
their steep dips soon carry them far beneath the surface. In Mississippi Valley the
important water-bearing St. Peter sandstone is the source of water in numerous
deep wells, but how far to the west this water-bearing horizon extends is not
known, for. under the central Great Plains it lies too deep for ordinary deep
wells. At Lincoln a sandstone 604 feet thick, supposed to represent the St. Peter,
was entered) at o depth of 1,947 feet, but apparently yielded no water.

CARBONIFEROUS.

Excepting in the greater portion of east South Dakota the Great Plains are
pfobably underlain' by rocks of Carboniferous age, although n much of this
district these rocks lie too dceep tor wells. In the vicinity of the Black Hills
uplift, in portions of southeast Colorado, in Kansas, and in east Nebraska they
are at moderate distances beneath the surface. The rocks consist mainly of lime-
stones, but water-bearing sandstones also are included. In the vicinity of the
Black Hills the sandstones of the Minnelusa formation probably will prove to be
a source of supply for deep wells in Red Valley, although these sandstones failed
to yield water at Minnekahta and at Cambria. At the base of the Minnelusa
formation more or less water usually occurs, and from a horizon within the
Pahasapa limestone there is obtained-a large supply of excellent water tapped by
.the . wells at Cambria. Along the Rocky Mountain front and east in Colorado
some deep wells have been sunk into the red sandstones in- the upper portion -
of the Carboniferous, but, although in several cases a water supply ‘has been
found, the water has been too saline for use. Such also has been the experience
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of numerous wells in east Kansas and in the deep wells at Lincoln and other
points in east Nebraska.
JURASSIC,

Along the slopes of the Black Hills and in parts of southeastern Wyoming the
sandstone bed in the lower part of the Sundance formation contains water of some
importance. Several wells in Hay Creek Valley west of Belle Fourche flow from

this horizon.
CRETACEOUS,

Diakota- Lakote formations.—The Dakota water horizon is the most widely
extended and most useful in the Gureat Plains region. The sandstones appear to
extend under the entire area in a sheet generally from 150 to 300 feet thick, under-
lain by Red Beds or Carboniferous limestones and shales, or by the Sioux quartzite
~in east South Dakota, and overlain by the great mass of clays and shales ot the
Benton, Niobrara, and Pierre formations. The sandstones outcrop extensively along
the uplifts of the Black Hills, the Bighorns, and the Rocky Mountain front ranges,
and in the Arkansas Valley in southern Colorado, where they receive large volumnes
of water, not only directly from the rainfall, but by the sinking of water from streams:
In some portions of the central Great Plains the Dakota water horizon lies too deep
to be reached by ordinary deep wells, but in the greater part of the area in which
this condition is found there is, owing to the height of the lands, no prospect for
a flow. In the map, Pl. LXIX, there is shown the depth at which this water
horizon lies, as determined by all available data, and in the following portions of
this chapter there will be described the experiénce ‘of wells and the prospects for
obtaining water in the various localities. It will be seen that the most important
prospects for waters from the Dakota-Lakota sandstones, so far undeveloped, are in
the central and western portions of South Dakota and in the region north of the
Black Hills. -

Fow Hills- Lavamie formations.—The Fox Hills sandstone and the various sand-
stone beds in the Laramie contain considerable water, although artesian flows are
obtainable only in vestricted areas. In the Denver basin there is a mass of
sandstone at the top of the Fox Hills and the base of the Laramie formation
which undoubtedly contains a large volume of water, but it has not yet been drawn
upon to any considerable extent, although eventually it may be the source of large
artesian flows. The sandstones of the Laramie formation furnish considerable
water along the line of the Burlington and Missouri Rivei' Railroad in northeast
Wyoming, but do not give prospects of flows.

10001—No. 32—05——-13
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TERTIARY DEPOSITS.

-Arapahoe fémnatéon.—-The conglomerates and coarse sandstones at the base of
this formation in the Denver basin afford the greater part of the very large under-
ground water supply from deep wells in the city of Denver and its vicinity. Form-
erly the waters flowed with considerable pressure, but now the wells are so large and
numerous that in most cases the waters have to be pumped.

White River group.—Most of the deposits of the White River group are too
fine grained to yield water, but in some areas the base of the lower member (Chadron
formation) is a coarse sand which yields water to pump wells of moderate depths in
postions of west South Dakota, in Nebraska, and in the Goshen Hole in Wyomning.

Avrikaree- Ogalalla formations.—These great sand deposits, constituting the
surface of the High Plains, contain a large volume of excellent, water, which usually
accumulates in the lower beds, where it is available for pump wells, general]y at
depths of about 200 to 300 feet. Such wells are numerous in the upland region of
west Kansas, west Nebraska, and east Colorado, where they are the principal sources
of supply. Ordinarily these watersrise for some distance in the wells and in central
Nebraska afford flows.in a few districts, They also flow in a small area west of
Cheyenne. '

QUATERNARY DEPOSITS.

More or less water is contained in the alluvial deposits along the streams, in the
gravel deposits underlying .the loess in central and east Nebraska, in the glacial
deposits of east South Dakota and east Nebraska, und in the various sand-hill districts.
The waters in the alluvial deposits afford the principal water supplies of the Great_
Plains regions, for most wells are in the valleys.. These obtain water at depths from
5 to 30 feet in most cases, drawing supplies either from the underflow of a surface
stream or from a sunken watercourse, or from sheet water in the alluyium. In
the more arid regions west these waters often contain alkali in greater or less pro-
i)ortion. The waters in the gravel beds beneath the loess are available under many
thousand square miles in central Nebraska, mostly at depths of from 30 to 50 feet,

-and afford very satisfactory supplies. The waters of the-glacial drift occur mainly
at the base of the till, at depths varying from 100 to 300 feet in greater part, and
these waters are the principal sources of supply for tubular wells in portions of east
South Dakota and to-a considerable extent in ‘east Nebraska. .In the sand- hill
districts neally all of the water that falls sinks.into the ground and, at many -
localities, especially in central Nebraska, is found available in large amounts in wells
from'5 to 100 feet in depth. :
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DEEP WELLS AND WELL PROSPECTS IN SOUTH DAKOTA.

+

GENERAL CONDITIONS.

In its wide extent under this State the Dakota sandstone carries a large
volume of water which has been extensively utilized by artesian wells. ThlS water
is pndér pressure so great that in the eastern portion of the State flows are obtain-
able in all but the very. highest lands, except in the .southeast corner, near
the zone where the head is lost by the sandstone reaching the surface. Over a
thousand ‘deep wells have been sunk east of Missouri River, most of which are -
from 500 to 1,000 feet in depth and generally yield a largé supply of flowing water,
much of which is used for irrigation. The aggregate flow from these wells is
estimated to be about 7,000,000 gallons a day.

It is believed by some persons that owing to this great draft upon the resources
the available supply is diminishing, but there is as yet no valid evidence that thisis -
the case, excepting locally where there are numerous wells. Individual wells often
- diminish in efficiency owing to leakage, clogging, and other causes, but, ordinarily
new wells in the same vicinity show the same pressure and flow as were found in the -
oldetr ones. But it is probable that if this large flow is permitted to continue, the -
available volume of artesian supply will eventually be greatly -diminished.

The source of water is believed. to be in the Black Hills and in the Rocky
Mountains, for the sandstone appears to be a continuous stratum or a series of
strata, permeable throughout and containing water which to the east has much of
the initial head or pressure due to the high altitude of the zone of intake on the
mountain slopes. There are extensive areas in central South Dakota in which
the undérground waters have not yet been developed. " Apparently in these areas
the Dakota sandstone lies deep, but not at an impracticable depfh for well boring.-
Probably further drilling will show that flowing waters may be obtained all the way
up Chéyenne Valley and its two branches to the Black Hills, and up the valleys
" of White, Bad, and Owl rivers nearly to longitude 102°.-

AU RORA COUNTY.

Aurora County lies mamly on the divide between the valleys of James and
Missouri Tivers. Its surface is largely’ covered by glacial deposits, which lie on
Niobrara chalkstone to the east and on Pierre shale to the north, west, and south.
The Dakota sandstone underlies the entire area and contains a large volume of-
water under pressure sufficient to afford artesian flows, except possibly in the
highest hills in the extreme northwest townships and a small area in the south-
central part of the county. The sandstone dips gently to the south in the southern
portion of the county and to the north in the northern part, arching over a gentle -
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anticline which rises over the underground ridge of Sioux quartzite that extends
westward from the Alexandria and Mitchell region.

The depths to the sandstone vary from 400 feet near the center of the eastern
margin of the county to 550 feet at Plankinton, 800 feet or more in the central,
north-central, and southern portions of the county, and somewhat over 1,000 feet
in the northwest corner. The Dakota sandstone contains several flows of water,
the lowest ones having the largest volume and highest pressure. The volume
varies considerably and appears to be less over the underground quartzite ridge
which extends east and west in the center of the county. The following is a list
of the principal wells, with statements as to their depths and other features:

List of representative artesian wells in Aurora County, S. Dak.

_Location, Depth. |Diameter. lnlﬁlfult)gr h ~Remarks‘
Feet, Inches. Gallons.
J. Asmusg, T. 101, R. 64, NW. Fsec. 1._._.. PR, 630 | ... lfiiaaoas
‘Peter Mathig, T. 101, R. 66, SW. } sec. 17 ._...._. 960 2 60
Anton Hettinger, T. 101, R. 66, NE. 1 sec. § ...... . 800 2 50
James Dunbar, T. 101, R. 66, SW. Lsec. 6. ...... 730" 2 30
T. 102, R. 63, sec. 1 ..ooooo.o... 800 foeoiiiiifiiia
T. 102, R. 63, sec. 10 ... ... S . SR I
J. W. Ryan, T. 102, R. 63, NE. +sec. 10.__....._. 613 2 3
CT. 102, R. 63, sec. 11 ... 460 oo ...
Crysfal Lake Township, SE. }, sec. 17 ... ._..._. 850 43 600 | Pressure, 55 poﬁnds.
Sam Edelman, T. 102, R. 64, NW.. }cec. 19 ... __. 800 3-2 40 | Pressure, 78 pounds.
DO et e e Lol 80| 32 40
John Scales, T. 102, R. 64, SE. {sec. 29 ......._.. 600 2 8 -
Wm. Edelman, T. 102, R. 65, sec. 25. ._....__.... = 795 2|+ 10 | Pressure, 40+ pounds
Gceo. Scverance, T, 102, R. 66, SW. 1 sec. 7 ....... 800 2 120
Mike Galles, T. 102, R. 66, sec. 17......_. eeens 835 43 400
Philip Eyer, T. 103, R. 63, 5. miles southeast of
Plankinton ... ... ... . ... e 705 3 200
Evon Raesley, T. 103, R. 63, sec. 28 ... ... 716 3 200 \
George Saville (?), T. 103, R, 63.................| 530 2 0
Sam Swenson, T. 103, R, 63, sec. 13 .._........... 420 2| 30
J. D. Barton, T. 103, R. 63, SW. y=ec. §....._..__. 755 3 ! 100 | Pressure, 80 pounds.
J. R. Mabbot, T. 103, R. 63,sec. 26_._.._.. P 530 2 10
L. Mabbot, T. 103, R. 63, 8ec. 26 .. ... ... ... 490 2 10
Leonard Scott, T. 103, R. 63, sec. 35 .............. 484 4-8 ... -
C. R. Cook, T. 103, R. 63, sec. 32. ... ......... 623 3-2 15
T. 103, R. 63, 86C. 4. oemuemmniom e aaaane 500 Lo
T. 103, R. 63, S SO 755 |..... R R
T. 103, R. 63, sec. 9...... SUR e 470 L.
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List of representative artesian wells in Aurora County, S. Dak.—Continued.

Location. ’ Depth. Diametevri Y;Iififulgsr ' Remarks‘.
Feet. Inches. Gallons. ‘.
T. 103, R. 63,8ec. 10 .o oviemin i 900 2 147
DO - oo e 495 | °
T. 103, R. 63, sec. 11 ... ... tol ioaiiiia.n 440 el
T. 103, R. 63, 8ec. 12 _.. .o L2890 L
T, 103, R. 63, 56C. 13 v e ee e 380 . fi......
T. 103, R. 63, sec. 24 ... ... ... 425 |l
DO et e e 378 || °.
T. 103, R. 63, 8eC. 25 - ..o oo 420 |oooe e
T 103, R. 63, sec 35 .. ... e 1Y SO O
. City of Plankinton, T. 103, R.-64, sec. 22 ......... 795 ay. .. ..
Plankinton Townsghip well, T. 103, R. 64, sec. 22 .. 75 43 200 | Pressure, 55 pounds.
Plankinton ... ... ... .. - B 830 43-3 225 | Pressure, 91 pounds.
Thos. Mullivan, T. 103, R. 64, NW. 4 sec. 20.._._. 715 | 1,200
0. R. Auld, in Plankinton ......... T 745 4 60
T. 108, R. 64, 56C. 27 veeioma e aanns P 3 P
Hans Hanson, T. 103, R: 65, SW. }seec. 31....___. 830 2 .40
A. H. Henneaus, T. 103, R. 66, sec. 34............ 842 6 |- . i
White Lake, T. 103, R. 66 .___.............. ... 863 4+ 150 Press“}l’re, 35 pounds.
White Lake, T. 103, R. 66, sec. 10.........._..... 900 2 4 | Pressure, 12 pounds;
: ) city well No: 2. ’
White Lake, T. 103, R. 66, sec. 11..7 .. .. ...... 830 2 4 | Pressure, 10= pounds;
: . ' city well No. 3.
James Ryan, T. 104, R. 63,sec. 22._.. ... .__..... 525 43-3 1687 -
0. Scott, T. 104, R. 63,8ec. 1. oocooiiiiiiiini . 470 2] ' 4
A. D. Dougan, T. 104, R. 63, sec. 21 . __........... 523 4% 150 |.Pressure, 45 pounds.
B. H. Sullivan, T. 104, R. 63, sec. 21 .~ ... ..... 525 43 150 | [ '
T. 104, R. 63, 8€C. 2 .o ... ... ...t 740 |o...... [ -
T. 104, R. 63, 86C. 3 - oo ni e ciieeaaans 508 | ...
T. 104, R. 63, 86C. 10 + - e i 440 [
T.104, R.63,8ec. 16 ... 465 R RRRRLEEE
T. 104, R. 63, S60. 17 -« enemeenecaeaanaaanenns 540 ...l
T. 104, R. 63, 5€C. 20 <. n e eoeeeee e 530 | ... eeeanns
T. 104, R. 63, 56¢. 21 . oonmmne e eaeee 375 | e o
T. 104, R. 63, 860 23 +ecneemnaecimiaanmanenaaas 864 | e
T. 104, R. 63, sec. 26 ... oo i 426 | e
T. 104, R. 63,8eC. 35 - oo iinimaen e 400 | o ooofeeeiaaan
B T 450 | e 3
T. 104, R. 64, 866 34 oo eie i 590 |.ooooo el )
DO e e 545 2 23"
H. Koemen, jr., T. 104, R. 65, sec. 26 . ...._..... 798 2 84
A. W..Closson, T. 104, R. 66, sec. 3. .... ... .co.. 922 2 75
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List of representative artesian wells in Aurora County, S. Dak.—Continued.

T
Location, Depth. ]Diameter. &;i]ei{?ult)g.ri Remarks.
Feet. Inches. | Gallons.
S. H. Bullock, T. 104, R. 66, sec. 2. .. coocuunnaanas 844 2 150
T. 105, R. 63, 886 24 « oottt eaaenns 487 2 32
George Scott, T. 105, R. 63, sec. — ... ..occcneocnn 475 2 5
T. 105, R. 63, seC. 2 . oot m i aaaaan 400 | oo
T. 105, R. 63, 8€C. 7 cenemenmmiiiiaaaaeeaeanennnn 580 |-l
T. 105, R. 63, sec. 24 o oo o i iiiiaaaaas 500 [iocemenifaaaaaann ’
T. 105, R. 63, sec. 26 ... .S .. .. ... .. ... .. 490 |o.ooaliiiaaan
S 475 |l
T. 105, R. 63, sec. 28 ... ... ... 508 [eeneeiidiiiinias
o 560 | el
T. 105, R. 63, 8€C. 35 +ceeciii i iiiaaaiecncaaans 620 | e
T. 105, R. 64, 86C. 2 - oimiin et 640 ..o llfeaii...
T. 105, R. 64, sec. 22 .._...... e 563 |..... S IR
M. E. Lewis, T. 105, R. 66, sec. 32 ... ... .. ..... 1,222 3 | Few. | On high land; barely
flows. ’
Mullen Bros., T. 105, R. 66, sec. 24_ .. ... ....... 953 2 60

Some representati% deep well records in Aurora County are as follows:

Record of well of J. W. Ryan, NE. } sec. 10, T. 102, R. 68.

Feet.
0 B0 et drift

B0-104 . oottt shale (Pierre?)
104-214 oot chalk rock (Niobrara).
214-324....... et eeeeeceeeaaaaana sand rock and sand, soft water.
B 928 T 5 1 shale.
LR T R SR sandstone,
566-576. c oo oo, e eammaeae——n- shale i
BT6-580 - -« cen it it aeciaceciaiaaaaa sandstone with large flow of water.
580614 . oo ghale

The sand. rock from 214 to 824 feet is at the top of tbe Carlile formation of the
Benton group, which extends to the probable top of the Dakota sandstone at 536 feet.

Record of well of Mr. Raesley in SW. ¥ sec. 28, T. 103, R. 63,
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Feet.
260-308 . . e blue shale.
B308-328. i hard layers (probably Greenhorn limestone).
B28ATT oo shale . ._.... T
477489 ... L ial.. hard sandstone, first flow of water. }(Graneros.)
T 489-605.. ... e blue sandy shale . ....._._....... j
605-610. ... il sand rock with second flow of 100 gallons
610-675. e shale, with hard layers _.._ ... .. .......
s . (Dakota. )
675700, . sandstone, third flow, of 100 gallons . __ ..
T05-T716. oL, gray shale.

In this record the sandstone’ at the top of the Carlile formation at 230 feet is only;
30 feet thick, and its amount is found to be very variable in other wells in the

vicinity.
Record of well of J. Asmuss, NW. } sec. 1, T. 101, R. 64.

Feet.

0-250 . o e drift and clay.
250808 . < e e e eeeaeaataaaeaaaann chalk rock (Niobrara).
398-430. i PP e cacteeaaaaan sandstone, with soft water.
480630 - e e e ceeaceaaeiaaaaan shale.
630632, e e e cieeaaaaan sandstone and flow. -

It is not certain that this well reaches the top of the Dakota sandstone, and it
may flow from a first-flow sandstone low in the Graneros formation.

Record of well at Plankinton.

Feet. :
0-145. . ...... N drift and clay.
145-266. . il - ...chalk rock (Niobrara).
28266 . e e sand and soft water.
266538 e e eiecmaaeao - shale; some sandy layers.
[ T k. S sandstone, with flow.
DA . . ot e e a e -shale, probably with a flow at 646 feet.
763—793 ....... T sandstone, with main flow.
798795 e SO quartzite (Sioux quartzite probably).

It is believed that the top of the Dakota is at a depth of 538 feet in this well.
Quartzite is reported at a depth of 850 at White Lake, with the top of Dakota
sandstone at a depth of 790 feet.

The deepest well in the county, so far reported, is on the ranch of M. E.
Lewis, SW. % sec. 32, T. 105, R. 66, having a depth of 1,222 feet, but only a light
flow, probably owing to the height of the land on which it is situated. Samples
of borings at 1,218, 1,220, 1,221, and 1,222 feet were found -to be hard sandstone
with iron-oxide cement, undoubtedly Dakota sandstone.
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BEADLE COUNTY.

Beadle County lies mainly in James River Valley, but its southwest corner
extends up the slopes of the higher lands lying to the west. The surface is covered
by glacial deposits varying in thickness from 50 to 300 feet, lying on Pierre clay.
This clay is several hundred feet thick and is underlain by the usual succession of
Niobrara formation, Benton shales and sandstone, and Dakota sandstone lying on
granite and quartzite. The Niobrara formation becomes so shaly in this county that
ordinarily it is not recognized by the well borers as distinet from the adjoining
formations. The Benton formation comprises a bed of sandstone at its top and
other thin beds of sandstone lower down, which, contain water supplies, the upper
sandstone yielding water for pump wells and the lower sandstone yielding small
first flows in the deep wells.

The Dakota sandstone contains a4 great volume of water under high pressure
and affords a supply for a number of wells in all portions of the county. The sand-
stone lies nearly level, and, as the country is relatively flat, the variations in depth
are not great. The depthsAof the majority of wells range from 750 to 1,100 feet,
the deeper ones extending into the lower beds of the formation, where the flows
usually have somewhat greater volume and higher pressure than those in the upper
sandstone layers.

The following is a list of the artesian wells in Beadle county:

' List of artesian wells, by townships, in Beadle County, S. Dak.

TS%\;pn- Range. Dépth. A}:;erri%&%igd Rema;ke.
Feet. Gallons. *
109 62 785-916 35-250 | Pressure, 125 pounds.
109°1 63 806-856 Many.
109 64 830,910 45 ’ o
850 - 45
10| 59 87 50
- 11017 60| - 930 930 | Pressure, 100 pounds.
- 790 111
770 © 35
110 61 879 |  150-200 | Pressure, 60 to 100 pounds.
900 500 | Pressure, 125 pounds.
110 | 62| 784-1,139 . 350-2,250 | Pressure, 120 to 165 pounds. Huron town wells.
110 63 840 |ooiiiiianas -
110 64 847 | . 100
110} " 65 870 50

111 ' 59 Co 940 20
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List of artesian wells, by townships, in Béadle County, S. Dak.—Continued.

’,[;%\lw;)n Range.| .Depth. Agg‘gfn{;it%l.d Remarks.
Feet. Gallons.
111 59 925 50 :
111 61 792 200 .
836 360
111 62|  744-788 300 .
111 63 780-918 45=114
111 64 784-870 43-100 “ 5
930 330 | Pressure, 137 pounds. Wolsey well.
1m] 65 1,000 80
12| 59| 913,933 33, 36 ) _
12| 60 779 | 400-600 | Pressure, 120 pounds. ) ,
12| 61 778-917 35 .
} 777, 600 | Pressure, 125 (?) pounds.

112 62 793-817 40-240 | Pressure in one well, 50 pounds.
112 63 601-870 ~ 16-200 | In one well the pressure iz from 60 to 90 pounds, and in

| . ' another 20 pounds,
12 64 900 45 ) )
113 | . 60 810 200 | Pressure, 115 pounds.
113 61 750-810 60-125
113 62 815 120

113 63 890 300 | Pressure, 100 (?) pounds.
113 63 900912 50 . I
' 953 1,260 | Pressure, 150 pounds. Hitcheock well,

113 64| 980-1,118 | 20-1,435 | Pressure in one well, 175 pounds.
14| 59 1,038 8

BONHOMME COUNTY,

Bonhomme County extends northward from Missouri River into a region of
plains and ridges. The greater part of the county is heavily drift covered, but there
are extensive exposures of the underlying Niobrara chalkstone in the bluffs along
Missouri River. The higher lands of the ridges east of Choteau Creek are under-
lain by Pierre shale. The county lies in the Dakota artesian area, but the higher

lands in its western portion are too high for -flowing wells. In the valleys and on

the broad plain in the central and eastern portion of the county there are numerous
flowing wells, which obtain iarge supplies of water at mq)de1'éte depths. There is
considerable variation in the volume of water, a well at Springfield yiel&ing 3,000
gallons a minute (see P1. 1.X), while at Scotland the flow is small, owing to local con-
ditions of diminished thickness and porosity of the sandstone. The following list
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gives the principal features of the deeper wells in thls county from which reports
‘have been received. ‘

List of artesian wells, by townships, in Bonhomme County, S. Dak.

'1;%‘;)’:"’ Range. Depth. Ag;errggglﬂit%{d ) . Remarks.
. - - Feet, - Gallons.
92 60 885,920 | eooaao... Pressure in 885-foot well, 30 pounds.
93 | 58 630-665 95-100 | Pressure, 42 to 45 pounds. -
93| 59| 530-855 | " 15-252 | Pressure, 40 to 66 pounds.
93| 60 620 | 700 | Springfield city well,
93, 60| 592 3,292 | Pressure, 86 pounds. In Springfield mill.
93| 60| . 828 72 | Pressure, 86 pounds. City well. -
93| 61| 735-1,000 25-70 | Pressure, 12 to 14 pounds.
93 62 | 862(7),897 . 1,400-1,600 | Pressure, 62 and 58 pounds.
94 58 . 576-645 | - 11-100 | Pressure, 40 pounds, )
94 | -59.| . 552-7b2 13-150 | Pressure, 40 pounds in 752-f00t.we1.1. .
94 | .39 857 | 1,000 | Pressure, 30 pounds. City of Tyndall.
94 61 |- 1,074% 3| Pressure, 23 pounds. » '
95 | 59| 730-828 26-97
96.| 58 590-680 9| Scotland wells.
S 96| 59 590-700 Few. ‘

. The well at Springfield is a phenomenal one, ‘with its flow of 8,292 gallons per
minute, although its closed pressure is not so great as that. of many other wells in
the State. It furnishes power for a 60-barrel flour mill by day and for an electric-
light plant by night. For a while it threw sand, and when this ﬁnally ceased the
flow was thought to have slightly decreased. The city well when finished was for
some time allowed to run at full head, and it was then obsérved that the flow of the
mill well was noticeably weakened for the time being.

The well at_the mill at Tyhdall became clogged some time ago, but it was
recently cleaned out-and the former flow and pressure regained. o7
The first well at Seotland was sunk to a depth of 582 feet, of which the last 52
feet were in quartmte The water supply,found in sand on the surface of this
quartzite was so small that thé well was regarded as a practical failure. Not far
from the old well another was recently sunk through a hard sandstone bed into clear
‘white sand at 590 feet, but obtained no increase in flow. The Layson well was sunk
" on the high ridge between Emanuel and Choteau creeks to a depth of 1,074 feet.
Only a feeble flow was found, and the pressure was sufficient to raise the water only
about 7. feet above the surface. The wells at Tyndall, those in the southeast corner
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A. ARTESIAN WELL AT SPRINGFIELD, S. DAK. B. ARTESIAN WELL AT WOONSOCKET, S. DAK.

Well flows more than 3,000 gallons of water per minute. Well throws a 3-inch stream to a height of 97 feet.
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of the county, and those in the Missouri bottom near the mouth of Choteau Creek
yield more satisfactory supplies.

The artesian waters in Bonhomme County, excepting those at Scotland, Layson,
and the mouth of Choteau Creek, all appear to come from approximately the same
horizon. At Scotland the waters appear to be largely cut off by a ridge of the
quartzite bed rock. The Layson well appears to have been sunk to a horizon
considerably below that of the group of successful wells to the east and south. The
low pressure in this well is due to the height of the land on which the well is sunk,
while the small volume of water is no doubt due to some variation in texture, such
, a3 occasionally occurs in the Dakota beds. The wells at the mouth of Choteau Creek
appear to draw their waters from a horizon somewhat lower than that at Springfield
and Tyndall. Probably it is the same horizon as that which furnishes the small flow
at the Layson well on the ridge to the northeast, but here the sandstone is of such
porous character as to furnish a larger volume of water. '

The head of the waters in Bonhomme County is considerably less than it is
farther north, for the amount decreases rapidly to the south and east in this region.

It appears, however, to be sufficient to bring the water to the surface over all of the
county with the probable exception of the high ridge between Emanuel Creek and
Choteau Creek. ]

The records of wells in Bonhomme County show much diversity in the under-
ground geology. After passing through the drift they enter the chalk rock, which,
having an irregular surfage and thickness, varies considerably in amount. It is
usually underlain by upper Carlile sandstone, sometimes separated from the chalk by
clay, which yields considerable water to some of the deeper pump wells in the county.
The ﬁnderlying Benton shales include beds of limestone and sandstone, the latter
sometimes yielding small first flows. The thickness of this, formation and of the
underlying Dakota appears to vary considerably. Under Scotland the Dakota sand-
stone is very thin. At Springfield it is penetrated for 50 feet, and in the Layson
well, on the high ridge west of Springfield, a continuous bed of sandstone is reported
from 810 to 1,043 feet, containing but little water, and separated from a very hard
rock, presumably granite or quartzite, by a small mass of shale. The record of the
Scotland well, kindly furnished by Mr. A. E. Swan, is as follows:

Record of well at Scotland, Bonhomme County, S. Dak.

0- 15 it yellow clay. .
15— 20 i hardpan
20- 420 ... blue clay.
42— 7Bt gray clay.

(78— 90 black clay, gravelly.

-~



204° GEOLOGY AND UNDERGROUND WATER OF CENTRAL GREAT PLAINS.

Feet. ’
90-130. ... oioln chalk rock.
130-155. .. ... .. yellow sandstone, hard. ’
155-195. ... ....... blue shale.
195-350. ...~ . ... gray shale.
350-380. ... ..eo-.. yellow lime rock.
380-415..............chale and lime.
415445 ..o ..... sand and shale.
445451 . lime rock.

o 451456 ... '..sandy mud. ,
456-476. .. . ... ... lime rock, shale, and marl. !
476-510. ... ... ._.8 sand rock, with shale streaks.

510-518. ... ... ... red shale and quartzite.

518-558. .. ... gray sand rock; 80-gallon flow; one-foot laver of pyritesat base
558-589. ... s sand rock, pinkish.

589-601___........... calcareous sand rock, pink. )

601674, ... quartzite, pink, with calcareous beds.

674680, ... .onnnn... Sionx guartzite. :

This record is probably more accurate than somne others which have been pub-
lished in mdlcatmg a thickness of 120. feet of cha]k under the drift. \

”

BROOKINGS COUNTY.

Brookings County is in the drainage basin of Big Sioux River, on the east
coteau, and varies in altitude from about 1,600 to 1,800 feet. The region is
heavily mantled by glacial drift and underlain by a “considerable thickness of
Pierre shale. To thé south and east.the Sioux quartzite appears to rise rapidly,
and probably the Dakota sandstone is cut off by it in all of the area east of
Volga and south of White. In the area underlain by the Dakota sandstone the
altitude of the land is too high for the water to flow. »

At Brookings a horing was made several years ago which is said to have
reached the quartmte at a depth of about 556 feet. It obtained a small amount of
water in overlying sandy beds, probably in the Benton formation, but the pressure
was not sufficient to afford a flow. A well at Elkston is 230 feet deep, with lthe
last 30 feet in sandstone, which is probably at the top of the Benton group.

BROWN COUNTY.

Brown County lies in James River Valley and consists almost entirely of a
level plain traversed hy a few shallow depressions carrying the drainage. It is
covered with glacial deposits, but, from numerous well borings, these are known
to’be underlain by a thick mass of Pierre shale and underlying Niobrara, Benton,
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and Dakota beds, the latter lying on quartzite and granite. The strata lie very
nearly level and the average depth to the top of the Dakota sandstone is between
850 and 1,000 feet. The sandstone contains a large volume of Watef, yielding
large flows and having in most cases a pressure counsiderably over 100 pounds to
the square inch, the amount varying somewhat in different portions of the county.
In the summer of 1903 it was estimated that there were 170 artesian wells.in
active operation in the county. The depth and other data of these wells are given
in the following table: '

List of artesian wells, by townships,.in sovthern half of Brown County, S. Dak.

'[.;?1‘1‘;)1.— Range. Depth. X;[iglﬂl?sr . ‘ Remarks.
Feet. - Qallons. , f
121 60 940 .57
121 61 900, 940 14,43 | Pressure, 168 pounds.
121 62 930, 960 1086, 306 T
121\ 63 898980, 33-96 | - ] ;
121 64 1,000 | 96 | Warner town well. ,
121 64 | 903-1,015 35,96 | Pressure, 20-60 pounds. -
121 65 - 1,070 48 ‘
122 | 60| 940-1,000| 1576 | Town of Ferney.
122 61 900-960 39-70 | Pressure, 125 pounds.
122 63 920-940 25~34 | Pressure, 120 pounds.
122 | 64 1,000 30
122 | 65 1,080 1
123 60 920-977 10-105 | Pressure, 80 pounds, .
123 60 |, 922,960 830 |- Pressure, 135 pounds. (Groton town wells Nos. 1 and 2.)
123 gL 920-935 15-123
123 62 900 95 .
123 63 [eeocenionin. © 31-96 ’ .
123 64 | 918-1,117 | 250-1,060 | Pressures, 40 to 138 pounds. Town wells (Aberdeen). The
. - 1,117-foot well,isin T. 123, R. 63. , .
123 64 1, 300 1,350 | Aberdeen, city well No. 3.
123 64 1, 300 1,000 | Abherdeen, city well No. 4.
123 | 65 [1,070-1, 167 25-53
124 . 60 o2 | 150 | Pressure, 137 pounds.
124 ¢ 62 900 25
124 63 945 123
124 . 64 975 31
124 | 65 |ememmnniefineaanaaanns

These wells pas-sed through a gfeat thickness of gray: and blue clays, 1'ep1'esén£ing
the Pierre, Niobrara, and Benton formations. In the latter there was generally found

a thin bed of sandstone yielding a small amount of first-flow water. The Dakota
" <
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sandstone is usually overlain by hard cap rock, and consists of a succession of
soft sandstone layers, with bodies of shale and sandy shale varying in thickness from
a few feet to 50 or 60 feet in some cases. All the sandstones contain water, but the
volume and pressul:e usnally increase in the lower beds. In the city well No. 4, at
Aberdeen, the base of the formation was found to consist of 49 feet of sand without
much water, underlain by quartzite and granite, the top of the latter being entered
at a depth of about 1,267 feet.

BRULE COUNTY.

Brule County extends eastward from Missouri River and is in greater part an
elevated plateau, or region of gently rolling plains, from 300 to 400 feet higher than
the river. In the southern portion the Bijou Hills rise still higher, their altitude
probably being something over 2,000 feet. All of the highlands are covered by
glacial drift lying on Pierre shale.” The Bijou Hills are capped by Tertiary sands -
and green quartzite. Missouri River cuts through the Pierre shale and exposes the
Niobrara chalkstone in the lower valley slopes. '

The artesian waters of this county have been extensively developed, for over 60
wells are reported, most of them between 800 and 1,000 feet in depth. They nearly
all furnish large flows of excellent water, which is used mainly for irrigation. One
of the wells near Chamberlain is reported to have a flow of 8,000 gallons per minute.
The average flow of a 6-inch well is about 500 gallons, and of a 2-inch well, of which
here are many, from 50 to 150 gallons per minute. On the higher lands the pres-
sures are moderate, but in some cases rise above 50 pounds per square inch. Wells
on the lower lands have greater pressure, one of the city wells in Chamberlain
having over 100 pounds and developing 10 horsepower.

The greater part of the water is obtained in the upper part of the Dakota sand-
stone, but, in a region extending through Kimball, the upper beds are too’compact
to yield much water and it is necessary to sink to a looser sandstone below. Artesian
waters appear to be available throughout this county, except on the higher portions
of the Bijou Hills. The following is a list of wells in Brule County, arranged by

townships:
List of artesian wells, by townships, in Brule County, S. Dak.

'I;%‘IY;' Range. Depth. Yg?}_&{):r ' Remarks.
‘ Feet. Gallons. .
101 67 750- 950 18- 60 | Pressure 20 to 40 pounds.
. 101 68 815- 962 20-1, 098 | Pressure 12 to 256 pounds.
102 |- 67 750- 880 18- 100 | Pressure 40 pounds in some wells.
102 68 800-1, 060 9-1,000 | In one well pressure is 10 pounds.
102 69 900 50— 800 | Pressure varies from 5 to 40 pounds.

»
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_List of artesian wells, by townships, in Brule County, S. Dak.—Continued.

15%‘;';] Range. Depth. Ylﬁlrfulgg_r Remarks.

Feet. Gallons.
102 70 | 1,027-1,230 400- 900 | Pressure 2 to 40 pouhds.
102 | 711 1,280-1,270 45— 605
103 67 840- 956 40- 90
103 | 68 900-1, 210 60~ 750

‘ 1,254 185 | Kimball city wells. Original pressure 7 to 20 pounds.

103 | 69 983-1, 210 12- 60 | Pressure 40 pounds.
103 < 71| 1,063,1,100 25-1, 000
104 68 960 128 -
104 69 940-1, 200 60— 70
104 | 70 927 1,385 | Flows at 890 and 903 feet.
104 | 71|  600-1,186 3- 300 '

645, 670 ‘ 4,500 | Chamberlain Electric Light Co.’s wells Nos.’ 1 and 2;

supply and pressure diminished.
540- 600 | 1,450-5,000 | Quarnberg’s 4 wells. Flow decreasing.
815, 960 537, 700 | Chamberlain city wells Nos. 1 and 2; supply greatly
diminished.

105 67 940 80
105 68 930- 987 | - 300- 815 | Pressure from 5 to 75 pounds.
105 | 69 1,075 | 30 | Flows at 990 and 1,060 feet. Pressure 16 pounds.

3

Two representative well sections in this county are as follows:

Record of well on Carpenter farm, near Pukwana, S. Duk.

Feet . ;
0- 60 e PR black foam.
60— 72, e e yellow sand. :
L L S SRR .. .blue clay.
196485, el chalk rock.
485-536. . e iaiais e e black clay.
BBB-BB .« e e e mae e an . ..first sand.
BB9-T49 . L e PO, blue-black clay.
T9-T7L . e e second sand.
A e 1 light chalky clay.
845007 . - e e e e eanaas third sand (Dakota sandstone).

This well ’is on high land and the chalk rock is overlain by over 100 feet of
Pierre clay.

Record of power well in Chamberlain, S. Dak.

Feet.
0- 22 e sand and gravel.
22— 42 i, blue clay.

42-18 e ieerae e —aaaan chalk rock.
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Feet.

132-498 e blue clay, tough and dark below.
498-507 .. ... ... e sand.
507T-B55 . - e tough dark clay.
555- 584 .. ... .. il sand and clay with flow.
584612 ... e find dark sand, very fine below.
612619, ..ol . ... -hard sand rock.
619633, ..l compact sandstone.
633689 . . ... sandstone under capstone yielding a flow of 4,350

. gallons per ininute from an 8-inch pipe.

The chalk rock in this section is in the lower portion of the Niobrara, and the
Benton shales appear to extend from 132 feet to 555 feet in depth. .

In its lower part the deep boring at Kimball penetrated very hard dry
sandstones, which, it was thought, might possibly be Sioux quartzite. Samples
forwarded by the driller from 1,157, 1,175, 1,190, 1,210, 1,225, 1,240, and 1,246 feet
represented hard buff sandstone with considerable oxide of iron in their cement,
especially in the- 1,246-foot sample. Irony sandstones were also penetrated from
1,130 to 1,138 feet and 1,140 to 1,150 feet; hard sandy clay from 1,150 to 1,155
feet; bufl sandstone at 1,143 feet; and buff clay from 1,153 to 1,170 feet.

BUFFALO COUNTY.
’ N
Including part of Crow Creek Indian Reservation.

In this county the geologic conditions are similar to "those in Brule County,
but the depth to the Dakota sandstone is slightly greater, the strata dipping
gently to the northwest and the land rising slightly as the river is ascended. It
is probable that the depth to the sandstone is about 900 feet at the northwest
end of the county in Missouri Valley, and 1,100 to 1,200 feet in the higher
lands. o ’ i

Judging from the pressure observed in wells in this county and in the sur-
rounding counties artesian flows may be expected throughout the area, except
possibly on the very highest summits northwest of Gann. Several wells are
reported; one at Crow Creek- Agency, another in sec. 1, T. 108, R. 70, and a
third on the south branch of Crow Creek below Vega. The latter has a depth
of 875 feet and a flow of 135 gallons per minute of hard water, with a pressure
estimated at 75 pounds. It is a 2-inch well, and the first flow was reported at
800 feet. The well in T. 108, R. 70, is in the southwest quarter of section 1. Tt is
said to be 1,450 feet deep, 2 inches in diameter, and has a flow of 27 gallons per
minute. The water rises 20 feet or more above the ground. )

COrow COreek Agency.—The well at this-agency was sunk in 1896 by the United
States Indian Bureau. It has a depth of ahout 780 feet and is 6 inches in diam-
eter. The flow is very large, and it is stated that the column of water rises 5
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feet above the surface when the well is wide open. The closed pressure exceeded
180 pounds, the total registering capacity of the gage. With a 1§-inch nozzle
outlet the remaining pressure is 85 pounds; with a 1%-inch nozzle outlet, Jo
pounds; and with a 2-inch nozzle, 65 pounds. The temperature of the water is
72°, and its specific gravity 1.004. The -well at first threw out white sand, but
this discontinued after-a while, and its subsequent behavior has been entirely sat-
isfactory. The first flow was found at 409 feet, but its head was harely sufficient
to bring the water above the surface. The final flow was reached at 760 feet,
and the water- be@nng sand was penetrated to a depth of 20 feet. The following
record is based on a few samples; with explanatmy notes by the agent

Record of artesian well at Crow Creek Agency, on. Missouri River, Buﬁ'alo C’ount y, S. Dak.

e

Feet. .
40~ 78 e e e oravelly beds, some clay.
T8 B8t U, gray clay on thin bed of small grav el
88242 .. gray shale,
242-952. . ....io.. SRR gray limestone.
252-409. . ...l e et gray chalk, ete., with first flow at 409 feet.
'409-435..-._................-..'. ...... pyrltes
435-700. . . cceeoiiiiiiicaioeo.......shale (?) on 3-foot layer of pyrites.
T00-760.. .. ... ... ... ... .......shale, with pyrites.
T60-780. .. oool.. TP : _sandstone, main flow.

' BUTTE COUNTY.

~ This county occupies the northwest corner of the ‘State, with an ares of over
8,500 square miles, lying mainly on” the Great Plains. Its southwest corner is
crossed by the Black Hills uplift, exposing formations from the Spearfish red
beds upward. The north, central, and east portions of the county are occupied
by a considerable thickness of Laramie and associated formations, the Dakota sand-
stone lying. more than 2,500 feet below the surface in the lowest valleys. The
Laramie sandstones contain local water supplies whlch may be available in deep -
wells, but their capabilities in this respect have not yet been tested.

The greater.part of the region lying. between Indian Creek and Owl R1Ve1
is underlain by Pierre shales, and the Dakota sandstone appears to be within
reach of deep borings; but judging from thé pressures exhihited in the Wells at
Belle Fourche the country is too high for artesian flows. Between Indian Creek
and the hogbacks of Dakota sandstone south of Belle Fourche there is a district
extending northwest and -southeast in which the Dakota sundstone waters are
available at depths ranging from slightly over 800 feet just south of Belle Fourche
~ to about 2,000 feet on Indian Creek, the rate increasing as the formation descends
in its dip to the northeast. . | ‘ '

10001—No. 32—05—14
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Belle Fourche.—There are several excellent wells at Belle Fourche and in the
adjoining region which obtain water under considerable pressure from the Dakota -
and, underlying sandstones.- The first well at Belle Fourche was sunk in 1894,
and is reported to be 525% feet deep. Its original flow was 60 gallons per minute.
Its head raises it into a tank (see Pl. LXs A) 72 feet above a small knoll just south
of the railroad station, and it is claimed is- sufficient to raise.it very much higher.
Owing to some unknown cause its flow is now much -diminished; probably it is
partly choked or it casing leaks. The materials penetrated were shales, 207 feet;
sand, 100 feet, yielding a small flow at 245 feet; soft clay, 118 feet, containing a
thin layer of sand of 23 feet, yielding a small second flow; and sandstone to the
bottom, containing water at various horizons, with gradually increasing volume and
head, the maximum flow being at about 510 feet. A second well, on somewhat
lower land near the center of town, had the following record:

Record of well at Belle Fourche, S. Dak.

Feet.
0-300. - e e shale )
B00-830. . e hard sandstone, small flow. ‘ .
8830-410 . . e soft sandstone, with flow at 410 feet.
410485 .l red, white, and mottled clay (Fuson formation). ;
435470, i gray sandy clay and sand with lignite fragments.

A third well was bored, in 1903, to a depth of 881 feet, which found water-
bearing strata at, intervals from 297 to 560 feet. The well is 4 inches in diamete}
and has a flow of 30 gallons per minute. Several small wells in the vicinity and
up Hay Creek to the west obtain flows at. depths of 300-380 feet. On Belle
Fourche River, 3 miles below. Belle Fourche, Mr. F. M. Fuller has a well, com-
pleted in 1901, which has a depth of 736 .feet and obtains a water supply from
726 feet, flowing 60 gallons >per minute from a 3-inch hole. The pressure is
said to be sufficient to raise the water 40 feet' and apparently considerably more.

On the Barbour ranch on the Belle Fourche, 6 miles above the village, there is
a well with a large flow from a depth “of about 350 feet. At Minnesela, in Red-
water Valley, a well finished in 1904 has a depth of 381 feet, obtaining a 10-gallon
flow from sandy Dakota beds, which extend from 360 to 381 feet.

In Hay Creek Valley, near the Wyoming State line, there are several wells
about 350 feet deep, which obtain satisfactory flows from the sandstone near the
base of the Sundance formation. ) .

CHARLES MIX COUNTY.

Charles Mix County extends along the east bank of Missouri River for 75
miles or more and onto the High Plains to the northeast. These plains are elevated
about 300 feet above the river and have some ridges upon them which rise con-
siderably higher. "The high lands are covered by drift, but along the river banks
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and in some of the walleys the Niobrara chalkstone appears overlain by Pierre
shale. The Dakota sandstone underlies the county and is the source of water: in
numerous wells. Artesiah flows are available in all but the very highest lands,
there being one small nonflowing area west of Geddes and another on the morainal
hills south of Wagner; possibly there are.a few other localities too high for flows.
Wells are most numerous on the plains in the northern townships; others are
sunk at intervals along the river hottom and in sonie of the southeast townships.
The tollowing nearly complete list includes all wells from which returns have been
received: .
. List of artesian wells, by tm)vnsh.'ips, in Charles Mix Counr;g), S. Dak.

’Is‘g}wpn- Range. Depth. A;):f Q;Efu{’;it%]ld Remarks. B
Feet. " Gallous.
94 64 651 3,000 | Pressure, 119 pounds.
95 63 79D |ecceaaaas
95 | 64 ] 1,020 fooool..o.. Sec. 15. No flow.
95 65 730 b 16 | Pressure, 40 pounds. .
96 | 62 150 |l ‘ oL
9% | 63 151 ©8-15 | - ’
9 | 64 144 73 ) .
96 | 65 775%, 802 15500 | Pressure, 70 pounds..
96 67 | 266 oo Préssutje, 104 pounds.
96 | 68 810 -8 ’
97 63 150 foo..oooo...
97| 661  800-905 4-20
97 - 67 700-900 ©+ 5-150 Pressure, 5 pounds.
98 | .64 772 200 | Pressure, 52 pounds.
.98 . 651 920,940 6,11 | Pressure, 2 to 8 pounds.
Y8 | 66| '820-950 _ 50-65 | Pressure, 24-30 pounds. L
98 | 67 | 800-991 | 6-85 | Various pressures are reported, the greatest being 63 pounds.
98 | 68| 800-1,110 10-150 | Pressure, 3 to 80 pounds.
98| e8| 1,220 |ooioooo.. Sec. 14. No flow.
98 69 | 250, 644 : 50 | Pressure, 244 pounds.
99 | 66 . 840 CL20 Do. . A .
99 67 730-950- 4-50 | The greatest pressure reported is 50 pounds.
99 68 | 720-1,006 2-78 The greatest pressure reported- is 40 pouﬂds.
99 69 944, 966 60 | Pressure, 50 pouynds. '_ '
99 | 70 | 84021,000 10-30 | Pressures, 20 to 26 pounds.
100 67 734-875 20-120 | The greatest pressure reported is 87 pounds.
100 68 720-930 7-313| The greatest pressu;e reported is 13 pounds..
100 69 | 856-1,030 15-125 | In one well the pressure is 15 pounds.
100 70 | 890, 900 16 | Pressure, 30 pounds.
100 71 688-868 | 500-2, .352
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The materials penetrated in wells in Charles Mix County vary considerably.
On the higher lands they consist of more or less drift and Pierre shale, underlain by
chalk rock, and this in turn by the Benton formation, with layers of sandstone and
limestone. The Dakota sandstone is usually entered for some distance to obtain a
sufficient large volume of water, and on the higher lands for increased pressure.
The following record is given of well No. 2, sunk by the Government at Lake

Andes: ,
Record of well No. 2, Loke Andes, Charles Mixz County, S. Dak.

Feet.
0= 20 o yellow gravelly clay.

20~ 4B e blue clay and hardpan.

45~ BB L e et sand and gravel.

L T {1 blue howlder clay.

’ 130-163 - el sand and gravel.

163-180 ........ e black shale (Pierre?).

180-265 - . iiiiiiiieiiaaaan blue shales, with lime
265-280 - - et lime rock - ... . }Chalk?
280-335 -ioiiiiiiiiciiiiincciiccieeeeeaoo i yellow sandy shale.
R T g S gray shale. o
475820 ..o ieeeieeeeeaan. blue shale, with lime.
BR0-B50 .- et shelly lime rock.
550615 .l e feeemeeanan blue shale.
B15-823 i sandstone, light color.
B23-725 ..l e RETTTPP. ---blue shale, with sand and pyrites.
b Y sandstone, light color,

Ak i N soapstone.

The sandy beds that lie a short distance below the supposed chalk probably
represent the sandstone member, which is persistent under a wide area in southeast
South Dakota. The layers of lime rock, which extend from 520 to 550 feet, may
represent the Greenhorn limestone horizon in the Benton formation. The precise
boundary between the Benton and Dakota is difficult to discern in the record as
given, but probably it is at a depth of 725 feet, the sandstone extending from this
depth to 773 feet and yielding a 1,500-gallon flow of water.
The following record is given for the well at the Yankton Agency:

Record of well at Yankton Agency, Greenwood, Charles Mixz County, S. Dak.

Feet.

0- 1........ soil .
1-25 . ..., yellow sandy clay.

25— 44 ... ... gray shale

44- 75 ..., blue shale.

75- 91._...... blue shale, with chalk and gravel.

91-114........ yellow sand and gravel.

114-117........ gray rock,



. WELLS OF CHEYENNE RESERVATION, 8. DAK. 213

Feet.
117-123. ... .. gray shale.
123-144. ... gray limestone and pyrites.
144-178_ .. ... sandy shale and sand.
144-150_ ... _._. much water, which rises to —65 feet. .
178-199. ... .. blue shale. , ‘
199-275_. .. ___ black shale, with pyrites and shells.
275-380..-..... blue shale, tough.
380-420. ....... black shale, with pyrites and shells; |
420-421._._... -sand, with flow qf 10 gallons per hour; temperature, 56°,
421448 ... brown shale, with streaks of sand and lime rock.
448-497_...__:_black shale, with thin sandy streak; flow, 7 gallons per minute at
482-495 feet; soft water.
497-500.. ... .. gray shale.
500-531.....__. black shale, with lime and pyrite streaks.
531-5562. .. ._.. gray shale. ) .
552-556. ... .. sandstone; third flow, 15 gallons per minute.
- 556-577..._L.._gray shale L
S BTI-BT9 ... .sandstone; fourth flow, 30 gallons per minute; soft water.
NBT9-641.. ... gray shale full of lime and pyrite streaks 2 to 12 inches thick.
641-651.. ... :sandstone, very soft; 3,000-gallon flow, hard water; temperature, 70°.

CHEYENNE INDIAN RESERVATION.

This reservation is in north-central South Dakota, lying north of Cheyenne
River, between Missouri River and longitude 102°. It comprises the deep valleys
of Cheyenne, Missouri, and Owl rivers, together with Fox Ridge and the range
of high hills north of Owl River, a region having considerable diversity of
topography and a range of over a thousand feet in altitude. The high ridges
are capped by the Fox Hills sandstone and to the west by the Laramie formation,
while the valleys are excavated deeply in the Pierre shale. This shale has a thickness
of about 1,000 feet, as nearly as could be ascertained, and is underlain by a regular
succession of Niobrara and Benton shales and Dakota sandstone. The latter has
been reached at the Cheyenne Agency at a depth of 1,317 feet and found to contain
a large volume of water—500 gallons per minute under a pressure of 205 pounds to
the square inch. As the mouth of the well is at an altitude of about 1,500 feet
above sea level, the pressure indicates a head of 1,970 feet—one sufficiently great to
afford a flow far up the slopes of the high ridges in the central and northern part of
the reservation and throughout the valleys. As the hydraulic gradient rises to the
west toward the Black Hills, the altitude at which flows are obtainable and the
pressures in the lowlands, both gradually increase also in'that direction. '

Owing to the slight westerly dip of the formations and the rise in the land
the Dakota sandstone doubtless lies much deeper in the western portion of the

A}
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county than at Cheyenne Agency. On Cheyenne River, at the west border of the
county, its depth is probably nearly 2,000 feet. On Owl River, which is in a
somewhat higher valley, it is estimated to be at a depth of at least 2,200 feet.

" Cheyenne Agency.—The well at Cheyenne Agency is.in Missouri Valley, on a
terrace about 40 feet above the river. The flow was found at a depth of 1,317 feet,
under a cap rock 1 foot thick. The pressure when the well was first closed was 187
pounds, but the amount increased to a maximum of 205 pounds in four days. The
~ well contains 530 feet of 8-inch casing, 1,015 feet of 6-inch casing, and 1,337 feet of
4-inch casing. The water has a temperature of 79° or 80°, is similar in salinity to
that at Pierre, and also contains much illuminating gas, which was encountered by
the 8-inch casing and amounts to about 2,400 cubic feet per day. The log of the
boring, kindly furnished by Mr. A. E. Swan, is as follow :

Record of artesian well ot Cheyenne Agency, Cheyenne Indian Reservation, S. Dak.

Feet.
0~ 21 ... vellowish gravelly clay.
21— 26 sand, bowlders, and shale fragments.
26— 40........ s shale, hard. -
40- 280 . -ciiiiiaiaaao. blue shale, firm. k
280- 390 . iaiiaa- blue shale, soft.
390~ 485.._.....l..._......:black shale.
485— B00.. . . ......... sandy shale.
500- BI5. .. iiiiaees gray shale.
316~ B75. e hard shale.
575~ 700. . i dark-gray shale; gas at 650 feet.
700-1,050. . o oooiiliiiiiann black shale, with occasional beds of hard sandstone.
1,050-1,200. ... ... . blue shale. ‘
1,200-1,311 oo 'dark-g‘ray shale; gas.
1,311-1, .'l317 ____________________ yvellow lime rock, soft.
1,817-1,328. oo white sandstone; flow.
1,323-1,337 . -eoe\eennon....brownish shale.

Although the water of this well is somewhat saline, the boring is to be regarded
as a great success. The pressure is phenomenal and could, if necessary, he -
utilized for running extensive machinery. ’

CLARK COUNTY. -

Clark County extends from the east margin of the James River plain far up
the western slope of the east couteau, having & range in altitude from about 1,400
feet to 1,800 feet. . ‘

Raymond.—The first flowing well bored in the county was on the farm of Bohri
brothers, in SE. } sec. 22, T. 117, R. 59, about 14 miles northeast of Raymond, at an

‘
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altitude of about 1,490 feet above sea level. The total depth of the- horing was
1,200 feet, but the casing extended only to 1,075 feet. The diameter was 6 inches, -
and the lower 40 feet were perforated. Flows were found in sands from 1,005 to
1,025 feet and from' 1,050 to 1,053 feet. The well was finished in the spring of
1892, and the water continued to flow with a closed pressure. of 80 pounds until
the winter of 1893, when the casing became clogged up and the flow diminished to
a small drip. The log of the boring is as Yollows:

Record of well 1% myles northeast of Roymond, 8. Dak.

Feet. , to. . ‘ -
B S/ S yellow clay.
87— 66 ... ---blue clay.
© 66— “80.......... .....sand, gravel, and clay. . )
80— 100.... . ...z sand and clay,-sand and gravel. -
100- 126........._. - ----hardpan. :
126- 184, .. ... gray shale.
184 194, ... ......... blue shale.
194— 199, . ........... slate.
199 279 .o ieoeiinnn blue shale. ﬁ
279- 344.......... ... _gray shale.
34— A34.......... ---<..Dblue shale.
434~ B24. ... ....... dark-brown shale.
5244, 005...........5....blue shale, with thin layer of sand, rock, and shale.
1.005-1,025 . e oteeeeaeens sand rock, with flow.
1,025-1, T SO lime rock, with thin layer of sand containing small flow.
1,058-1,143_. ... shale. ‘
1,143-1,198....... e green shale (rock layers).
1,200...... e eeemaan ~hard rock.

‘The watér-bearing horizon is in the ﬁop of the Dakota sandstone, and probably
is the same as the one which supplies the Doland, Andover, Conde, Groton, Turton,
and many other wells. This water and a smaller flow are obtainable all along
the western margin of the county up to altitudes of 1,600 feet.

" .Several wells near Raymond obtain flows at 1,013 to 1.075 feet, and several
in the southwest corner of the county averaging from 1,000 to 1,040 feet deep havé
moderately-large flows under considerable pressure.

Clark.—Two attempts have heen made to obtain the deep-seated watels at the
village of Clark, but in both cases the tools were lost at a depth of about 1,200 feet -
and the borings abandoned. The water-bearing beds probably lie at a depth of

. about 1,300 feet, at Clark, but the head is not sufficient for a surface flow at that
Iocahty No doubt a well to this depth would obtain a large volume of water, which
would rise to within about 110 feet-of the surface and afford very samstactmy force-
pump Wells
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CLAY COUNTY.

Clay County lies in the valleys of James and Missouri rivers near the southeast
corner of South Dakota. Its surface is mostly covered by glacial and alluvial
deposits, but the underlying formations—chalkstone in the higher lands and Benton
shales in the lower valleys southward—ocecasionally appear. The Dakota sandstone
lies at a moderate depth below the surface, 600 feet in the northwest corner of the
county and about 200 feet in its southeast corner, the beds rising gradually to the
southeast. -

The sandstone contains water throughout the county, but, owing to the diminu-
tion of head to the southeast, flows are obtainable only in the lower lands. The flow
area comprises the southwest quarter of the county, the valley of Vermilion River
and its larger branches, and the lowest lands of Missouri-Valley helow the mouth of
Vermilion River. In this area there are many flowing wells, mostly from 250 to
500 feet in depth, which yield large supplies of excellent water. Most of the wells
are small and many obtain their waters from the top of the Dakota sandstone.
Some first flows are also obtained from sandstone near the bottom of the Benton
formation. The following is a list of the wells in Clay County:

List of artesian wells, by townships, in Clay County, S. Dak.

o

Ts%‘;'; Range.{ Depth. Yg}gutp:r Remarks,
\
Feet. Gallons.
91 51 210-280 6-20 )
92 51 300-400 6-90 | Water usually rises a few feet above the surface.
T 92 52 289-507 2-200 | Water rises to 420 feet in some cases.
92 53 205-367 2-25 | Some chalk penetrated. One 35-pound and one 20-pound
pressure reported.
93| 51 312-410 1-20 | In one well the pressure is 4 pounds.
93 52 243-400 4-20 | Pressure 15 pounds. .
93 53 240-367 13-150 | Pressure 6 to 40 pounds. One well contains alkaline water.
94 52| - 400 1%
402 5 .
94 53 260-500 Few. | Some irony water.
95 52 260-507 1-3 | Alkaline water in one well. Pressure 8 pounds.

CODINGTON COUNTY.

Codington County is on the summit of the east coteau, at an elevation varying.
from 1,700 to over 1,900 feet. At the surface is a thick mass of glacial drift
lying on many hundred feet of Pierre shale. The county is underlain by Dakota
sandstone, which is doubtless water bearing, but has a head only sufficient to
cause the water to rise to about 1,650 feet above sea level, so that no flows are
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to be expected. The sandstone lies at a depth of about 1,100 feet at Watertown
and correspondingly deeper in the highlands of the surrounding hills; as it slopes
downward to the west, it lies deeper in that direction also.

CUSTER COUNTY,

All the rocks from the Algonkian granites and schists to the Pierre shale and
White River formation outerop within Cuaster County, which extends across the
greater part.of the Black Hills uplift and east to Cheyenne River. There are many
running streams in the higher lands within its borders, but in the lower regions
to the east and southwest increased water supplies are gl‘eatl§f needed. On the

east side of the crystalline-rock area the formations dip steeply to the east and
' pass beneath the surface in rapid succession, the Dakota and associated sandstones
reaching a depth of 2,600 feet under the higher lands in the eastern part of
the county. The top of the Dakota sandstone reaches a depth of 500 feet within
about a mile from the foot of Hoghack Range and keeps descending at about the
same rate for the next 5 miles. Then the dip gradually diminishes, until in the
extreme eastern part of the county the beds lie nearly level. At Hermosa the
depth to the top of the sandstone is probably. not over 600 feet; at Fairburn,
about 900 feet. Along the lower portions of Spring, Battle, and French creeks
the Dakota sandstone probably lies from about 2,300 feet to 2,500 feet below the
surface, and correspondingly deeper in the higher lands of the intervening divides.
Along Cheyenne River the depth probahly averages from 2,200 to 2,400 feet.
These calculations are based on the measurements of the thickness of the Benton,
formation, about 1,300 feet, and the Niobrara formation, about 200 feet, and from
the occurrence of the Tepee zone in the Pierre shale, apparently at a horizon of
. about 1,000 feet above the base of that formation. It is probahle that flowing
water could be obtained throughout the lower lands east of the Hogback Range,
but not on the divides. .In the southwest corner of the county there is a small
area underlain by Dakota sandstone which may he expected to yield flowing wells,
as indicated by the experience of the 550-foot flowing well at Argentine, in the
adjoining county to the south. ,

It is possible that underground waters may bhe found under Red Valley in
this county in the Minnelusa formation or in the underlying Pahasapa limestone
and Deadwood sandstone. These horizons have not yet been explored for water in
this district, but may prove to be sources of supply, as in the case of the Pahasapa
limestone at Cambria, a short distance northwest. The unsatisfactory results of
~ the boring at Minnekahta junction are discouraging as to the prospects for water in
these horizons to the southeast, although that boring did not test the question
conclusively, as it apparently did not reach the Deadwood sandstone. It is thought
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that this sandstone lies at a depth of about 1,000 feet along the center of Red Valley,.
the amount increasing slightly toward the Hogback Range and decreasing. toward
the Minnekahta limestone outcrop.

Buffalo Gap.—At this place two attempts were made to reach the Dakota
sandstone. Both borings were slightly over 700 feet in depth, entirely in the Ben-
ton formation. One was on the crest of a low ridge in the western part of the town,
and the other was on the lower land on the main street. As the latter began in the
middle of the Carlile beds, it would probably have reached the Dakota sandstone
within the next 500 feet, and have obtained a flow, although the altitude is just
about at the limit to which the water should be expected to rise in that vicinity.

DAVISON COUNTY.
N .

. This county lies entirely in James River Valley, near the eastern margin of the
Dakota artesian basin. Owing to uplift of the formations the water-bearing beds
are near the surface in a portion of the county, and the waters have been extensiv ely
developed by many wells, mostly of moderate depth. Tn the r egion south of Mitchell
the underground ridge of Sioux quartzite has considerable prominence, its slopes

_intercepting the Dakota sandstone, so that in several townships the waters from the
latter are not available. This is the case south and southwest of Mitchell for several
miles, although in a portion of the area sandstones in the Benton formation overlap
the quartzite and vield flowing wells, in which, however, the pressure is sufficient to
afford flows only in the lower lands. Several wells in this district have been bored
to the ““bed rock,” and, although in some cases obtaining water, have not had suffi-
cient head to afford a flow. In the north, west, and south portions of the county
there are wells in nearly every section, most of svhich find water supplies at less than
500 feet below the surface. Some obtain flows from the sandstones underlying the
chalk, others from sandstones low in the Benton group, but most of them have
penetrated to the top of the Dakota sandstone. In the southwest corner of the
county the land rises considerably and the sandstone dips toward the southeast, so
that the depth to the Dakota water rapidly increases. In the extreme southwest .
portion of the county the depth is between 750 and 800 feet below the surface, and
in the valley of Enemy Creek between 350 and 450 feet. About Mount Vernon
many wells obtain water, apparently from Dakota sandstone, at depths fromr 300 to
420 feetin greater part, in most cases also finding upper flows in sandstones of the
Benton formation. Halfway between Mount Vernon and Mitchell there is an area
of considerable size in which the Dakota sandstone reaches its maximum uplift and
affords flows in wells from 250 to 300 feet deep. On Firesteel Creek and along
James River the sandstone is also reached by wells from 200 to 300 feet in depth.
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- . f .
In the northern portion of the county the Dakota sandstone dips to the north and
the depths increasé, but only to 460 feet in the extreme northwest corner. The
" following is a list of the principal borings in the different townships of Davisen

County: ‘ _—
N List of arlesian wells, by townships, in Davison County, S. Dak.
'l;%‘i‘p“ Range. Depth. Ag’gfﬁ;ﬁffel.d Remarks. R
Feet. * Gallons.
101 . 60 315-525 10-45 | Deepest wells are in southwest corner of township.
101, 61 350-640 |.._._.._.... Depths increase regularly from northeast to southwest in
. this township.

101 62 480-775 60

102 60 195,360 |- No flow. | Flowing water only in southwest corner of township.

102 61 250-500 | ..o )

L 250,375 ... To ““bed rock.”” No flow in western part’ of township.

102 62 350-535 ..o ... Depth increases gradually southwesl of Enemy Creek. A
280-foot well reached bed rock in southeast corner of
township (no flow).

103 60 330-550 |. .o o.oooo.

108 60 765 e In Mitchell ﬂows at 285, 376, 445, and 540 feet Quartzite

A at 540-765 . feet. .

103 60 433-586 20-600 | In Mitchell and vidinity; pressures, 13-28 pounds.

108 60 204 el Southwest of Mitchell. Quartzite; no flow.

103 61 260-375 |...cooinaa. i

‘ 300,425 . .eoan... Wells to bed rock in southeast corner of township. No flow.

103 | 62 315495 [... ... ... Depths gradually increase to southwest.

646 | ~ 700 | Flows at 350, 470, 620, feet.

104 60 237-507 10-100 | Water beds rise to the east. Some water also in Benton
sandstone.

104 61 260415 |ooeeer e, Most wells have also first ﬂo“ from Benton sandstone.

£85-653 - Many. | Dt}eptmto Dakota sandstone. Several flows (235, 480, and 585
‘ ee

104 62 300-601 .. .......... Depths increase northwestw ard. Many wells have also ﬁrut )

flow from Benton sandstone.

DAY COUNTY.

This county lies mainly on the high cotéau, but, to the west, extends to the
plain of James River Valley. The cotean consists of-a high ridge of glacial

deposits underlain by a great thickness of Pierre shale.

The Dakota sandstone

underlies the entire county, having a depth of about a thousand' feet at Andover,

but being very much deeper under the high lands east.

It appears to dip gently
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to the west, judging- from its difference in altitude in the well ‘at Milbank and
at other places in James River Valley. The formation is undoubtedly water
bearing thro\ughout, but as the maximum head of the water is only ubout 1,680 -
feet and the land on the summit of the coteau has an elevation of from 1,750 to
1,900 feet, flowing wells are not obtainable far east of Andover. There are
several successful wells in the vicinity of Pierpoint and at Andover; but ou the
coteau at Webster, although the Dakota sandstone appears to have been reached,
the altitude is too great to afford a flow.

Andover.—This well has a flow of 300 gallons per minute, a pressure of 90
pounds to the square inch, and a bore of 6% inches. Its log is as follows:

Record of well at Andover, S. Dak.

Feet.
0= B0 e soil, sand, and clay.
50 - S blue clay.
F £ S Y S blue shale.
BT— D90 . e limestone.
B90-1, 070 . . e e e e mas P, shale with streaks of limestone.
1,070-1, 075+ e e e e sandstone with water.

The water contained 150 grains per gallon of saline ingredients, of which 20 grains
are chloride of °sodium.

Pierpoint.—The Potter well, 2 miles west of Pierpoint, has a depth of 970
feet, a diameter of 1% inches, a flow of 35 gallons per minute, and a pressure of
90 pounds to the square inch. The Lemnion well, a short distance east of the
village, has a depth of 1,200 feet, a diameter of 1} inches, and a 15-gallo. flow
under 93 pounds pressure. The first flow is at 1,070 feet.

Webster.—Iu the boring at Wehster, it is claimed that a depth of 1,550 feet
was reached, but by some it is asserted that only 1,400 feet was attained. By
some also it is claimed that'a small flow was found at 1,100 feet in 1896. It is
improbable that this flow is derived from the Dakota sandstone, for that would
indicate a head of 1,840 feet, an amount very much greater than the head in the
wells in James River Valley to the west and at Milbank to the east. It is
reported that the principal formation underlying the drift was shale, with some
beds of pyrites, limestone, and sandstone, and it is also stated that sand supposed
to be Dakota sandstone was penetrated, which yielded- a large amount of water
that did not rise to the surface. Some samples of borings submitted were mainly
fine sand, but, as they are evidently washings from the drillings and there is no
statement furnished as to their thicknesses, they throw no light on the stratigraphy.
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List of artesian wells in Day County, S. Dak.

\
N ‘

Average
Location. Depth. [Diameter. | yield per Remarks.
? minute,
) Feel. Inches. Gallons.
Webster.. ......_.... s 1,550 S | Unsuccessful.
Jno, Marso, T.122, R.59 L. .. ciiiiaaae o 1,080 1} 40 | Pressure, 85 pounds.
Pierpont station, T. 128, R.58- - ... ooo ol 1,240 | - 8 |eoo.... :
T. 124, R. 58, northeast of Pierpont. ... .. .. _.._.. 1, 240 oo ‘Water just flows.
T.C. McConnell, T. 124, R. 58, 86¢. 6 . ."ooeeenne. .. 930 11 28 | Pressure, 70 pounds.
T P. & W.H. Lemmon, T. 124, R.58 ... ... ... ... ... 1, 200 1} 15 | Pressure, 40 pounds.
Thos. Burridge, T. 124, R. 59, 80¢. 2 oo eoennmemenea.o. 0| ¢+ 13 40 | Pressure, 75 pounds.
V. R. Potter, T. 124, R.59,8e¢. 36 . _ ... oe. oo | 970 ' 1}l 35 | Pressure, 90 potinds.

DEUEL COUNTY.

Deuel County lies on the east side of the east coteau, embracing the ridge which
lies between Sioux and Minnesota rivers, The altitudes are about 1,600 feet in the
southeast corner, 1,800 feet in the center, and 1,300 feet in the northeast corner.
The high 'lands are thickly mantled by glacial drift lying on a thick mass of Pierre
shale. Dakota sandstone underlies the entire county at depths from 1,200 to 500 ‘
feet, being nearest ‘the surface in the lowest land in the northeast corner of the
county. The formation probably contains water having a head from 1,400 to 1,500
feet, which would yield a flow in the extreme northeast corner of the county. So
far as known, no wells have been sunk to test the couditions of the deeper .seated

underground waters,
DOUGLAS COUNTY.

Dbuglas County'is on the high lands between the valleys of James and Missouri
rivers, 1t is covered thickly by drift, which is underlain by several hundred feet
of Pierre shale. 'This formation is penetrated by wells which also pass through’
the Niobrara chalkstone and the Benton shales and sandstone to reach the Dakota
sandstone. This sandstone lies nearly level, or has a slight dip to the southeast, but,
owing to the irregular topography, varies considerahly in depth below the surface.

Most of the wells are between 750 and 1,000 feet in depth and ohtain abundant
supplies of excellent water, under pressure sufficiently great to indicate that flows.
are obtainable in all parts of the county, unless possibly on some of the very highest
points in northwest and northeast townships. In the following list are.given facts
relating to all of the wells'in this county from which returns have been received:

Pl
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) } Average
Location. - Depth. |Diameter. yield per Remarks.
; minute. o
Feet. Inches. Gallons.

Delmont. ..oce.ee.-. et iecemacaaaaann 821 2 60 .

City of Armour ... .. i 757 6 1,500 | Pressure, 55 pounds.
0. H. Bush, T. 98, R. 63, sec. 20 ...._...... e 722 | ° 13 Many. | Pressure, 64 pounds.

Armour Mill Company ... ... ......... et 800 8 1, 500

L. W. Wheelock, T. 98, R. 64, sec. 2 .. ... ... 901 '8-6 1, 200
Tno. J. Walsh, T. 98, R. 64, sec. 24__........_.... 736 2 20+ \

C. 0. Knapp, T. 98, R. 65, sec. 2.2 ;. voeeina. 860 6 900

J. A. Wilson, T. 99, R. 63, sec. 35 .. ... ........_. 7033 8-6 5, 100. | Pressure, 75 pounds.
- County well, T. 99, R. 65,.sec. 14.. ... ....o.o._. 925 4 | 600-700

F.E. Van Zee, T. 99, R. 65 ..o ooieomnann .. 1,010 6| 1,000

Ernest Bertram, T. 100, R. 62, gsec. 16 . ... ...... 600 2 | Many.

County well, T. 100, R. 62, gec. 18 .. ... ... _. 1,025 |.o...... 1,025

Flensburg .. ... i 611 2 60
- Flensburg, ¥ mile west ...... .. ... ... 651, 22

Flensburg, % mile west ....._. e 75 2] 65-70

County.well, T. 100, R. 63, sec. 15.... ... ... 750 4| 800-700

County well, T. 100, R. 64, gec. 26 . ... ......._. 937 6 900 | Pressure, 40 pounds.

County well, T. 100, R. 64, sec. 26 ... _..._...... 975 4 1,000 :

J. Markin, T. 100, R. 65, sec. 9 - ... .- .. .. ... 80 12 Few."®

The wells appear to draw their supplies from the upper portion of the Dakota

sandstone in most cases, but others go deeply into it so as to gain additional pressure
The sandstone appears to be 150 feet or more in thickness, lying
At the

and volume.
mostly in one body, but locally there are intercalated masses of shale.

county well in sec. 26, T. 100, R. 64, it is reported that the sand rock was entered at.

800 feet and was.found to be underlain by granite at 937 feet. For the first 60 to
140 feet the wells pass throilgh drift deposits, then through 100 to 200 feet of Pierre
shale, and 50 to 80 feet of chalk rock, into a bed of upper Carlile sandstone which
persists over a wide area and yields water to several pump wells-300 to 450 feet deep.
The Benton shales heneath this sandstone contain a layer of lime rock in their lower
portion, and occasional layers of sandstone, which at some localities yield slight flows.
AN - ) .
EDMUNDS COUNTY.

<

Edmunds County extends from the summit of the Bowdle Hills eastward into
~ James River Valley, comprising lands in altitude from 1,400 to slightly over 2,000
feet, Under a mantle of glacial drift there is a thick mass of Pierre shale and the

underlying formations, including several hundred feet of Dakota sandstone. The
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first deep boring in the county was at Ipswich, where a large volume of water was
found at a depth of 1,265 feet under a pressure claimed to have been -120 pounds.
In 1891 a pressure of 106 pounds was measured, indicating a head sufficient to raise
it to 1,775 feet above sea level. This is somewhat greater than is found in the wells
at Aberdeen just east and 140 feet less than in the well at Shelby. The head is
sufficient, however, to afford artesian flows in all the east part of the county, and
probably, from thé indication of the éhelby well, as far west as the base of the
Bowdle Hills, some distance west of Roscoe, where there are altitudes of from 1,900
to over 2,000 feet. . The first well at Ipswich did not prove satisfactory and another
one, sunk in 1902, obtains a 150-gallon flow from a depth of 1,245 feet. In the
summer of 1903 it was reported that there were 83 deep artesian wells in the
county, mostly of medium size but furnishing an abundance of excellent water for
farm and stock purposes. Some data of these wells are given in the following table,

grouped by townships: ' ' '

-

List of artesion wells in Edmunds County, S. Dak.

E‘l)]‘]‘p“ Range. Depth. - y’i&égmgfr ) Remarks,
| “minute.

Feet. ’ Gallons.
121] 66 987-1,100 12-35
‘121 87| 1,025-1,155 20-50
121 | e8| 1,155-1,250 40-50
121 69 1,240 25
121 701 1,300-1,370 .35
1211 71| 1,500-1,569 | - 20
122 | 66| 1,000-1,087 15-70
1221 67| 1,000-1,140 | . 5-35
122 68| 1,145-1,170 20-35 B
122 | 69| 1,305-1,360 | 3570 )
122 n 1,526 2|
1231 66| 1,075-1,115 | - .25 [
123 | 67 1,160 | 35
123 | 68| 1,195-1,245 | 97-150 )
1231 69| 1,370-1,420 30
123 7 1,498 |. 33 ) o
124 | 66| 1,125-1,148 40—41 -
124 | 67| 1,150-1,175 | 35-120 )
124 | 68| 1,225-1,350 25-45
124 | 69 1,356 - 80
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FALL RIVER COUNTY. ¢

This county-lies on the south slope.of the Black Hills uplift, with Dakota
sandstone and underlying formations outcropping to the west. Cheyenne River-
cuts a deep valley across the uplift, but is deflected by it considerably to the south.
The land presents much variety of configuration, having wide areas of undulating
plains to the south and hogbacks of Dakota sandstone to the north. There is great
diversity of geologic structure and distribution of the formations, there being to the _
south broad areas of Pierre shale, from under which the regular succession of Nio-
brara, Benton, Dakota, and underlying formations rises to the north. The general

' rise is to the north, but there is a main anticline which extends up Hat Creek Valley
and pitches beneath Pine Ridge to the south. Another steeper but less extensive
arch lies east of Maitland, and two smaller arches exteﬁd, respectively, southeast

6000 feet

3
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F1G. 14,—Section from the Black Hills to Pine Ridge, across Fal_l River County, showing relations of the water-bearing
. Dakota and associated sandstoncs; looking west.
from Edgemont, and into the southeast corner of the county from Pine Ridge
Reservation. Between these anticlines are synclines, or b.aéins', which in the vicinity .
of Oelrichs and southward hold fully 1,200 feet of Pierre shale, with Dakota
sandstone more than 2,500 feet beneath the surface. The basin west of Hat Creek’
is much shallower, the greatest depth to the Dakota sandstone probably not being
much over 2,000 feet on the highlands west of Ardmore. In fig. 14 is given a north -
and south section across the county. _ A : -
A number of wells have be_én sunk in Fall River County, sonre of which have
reached Dakota sandstone, while others havé failed to do so. At Argentine a well
in Dakota sandstone yields a flow, and at Edgemont wells obtain a water supply
which has not sufficient head to reach the surface. At Minnekahta a deep boring
-begun_in the Red Beds penetrated deep into the anderlying forma‘tibns, but was
unsuccessful. It is probable from the results in these wells that in all of the
county underlain by Dakota sandstone water supplies may be obtained, though flows
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can be had only in the extreme northwestern portion, and on the slopes‘ between
the hogback and Cheyenne River in the northeastern portion.

Edgemont.—In this city and its v1c1mtv a number of ‘wells were sunk several
years ago for water from the Dakota sandstone. Nearly all obtained supplies for
pumping, but owing to the low level of the outcrops of'the Dakota. sandstone a
short distance east the water does not have sufficient head to flow. The water did
not prove satisfactory for use in locomotives, and all but the deeper well at the -
railroad roundhouse have been abandoned. This well at the roundhouse, of which
the record is given below, had a depth of 1,125 feet, but is now filled to the depth
of 700 feet

Record of deep well at Edgemont, S. Dak.

Feet. . I e
O— 295 . iiiiiieio.. shale. * .

205— 825 il sand, white; water.-

325~ 350....... eeeamaacaan soft white bed.

B350- 480 e Fuson ghale. :

430- 455 ... . o..._.... i sand, white, with 10-foot soft white bed at base

455 497 ...l ... e shale, light colored.

497 509 et limestone. '

509— 604 ... . ....-.. e sand, white'; water.

604- 612 . ... lllilo.... sand, dark.

612- 652 ...... e M ieames sand, white above, red below:

I S shale, with 7-foot layer of limestone at base

705- 7H2....... et ghale, light colored. ‘

752- 802 _..... et soft white bed.

802~ 957 ... ........ et Sundance, ‘upper \d’arl} shale.’

957— 977, liiiiaiiiiiiio.. sandstone, red.

977-1,012 ... ...l . .-...sandstone; bad water.

1,012-1,125 . oo Sundance, lower shale.

Water of bad quahty was found in the white sand at 295 feet and in the
" sandstone at 977 feet. Fairly good water, rising to within 60 feet of the surface, is
now obtained from the sandstone that begins at a depth of 509 feet. It contains '
239 grains of solid matter per gallon of which 9.83 grains are lime. The log
appears a fairly reliable one, indicating the Dakota sandstone from 295 to 350 feet;

the Fuson formation, from 350 to 430 feet; the Lakota formation, from 430 to about
652 feet; the Morrison shales, 652 to 802; the characteristic red series in the
Sundance formatlon 957 to 977 feet; the bed of buﬂ Sundance sandstone, 977 to
1,012 feet; and the basal dark Sundancé shales, 1,012 to 1,125 feet, plobably not
far above the red. beds of the Spearfish formation. The well at the north end of'
the Y across the river from Edgemont has a depth of 960 feet, and probably ends in
Sundance shales, but the record appears not to be reliable in its details. Some
water was found in the white sand at 230 feet and in sandstones at.290 and 430 feet.

10001—No. 32—05—15 : |
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At 578 feet a sandstone begins which yields a good supply of water, rising to within
> 30 feet of the surface. A thin sand rock at 700 feet also yields water, but its

volume is small.
Record of deep boring at the Y, near Edgemont, S. Dak.

Feet.
0- 30 cieiiiiiiiiaaiiciiaaeceeaaa.--..5and and gravel. '
80230, . e shale.
230~-26Q .. .. ..... U white sand water.
260-300. ... i shale, with 10-foot sandstone layer at base
300-430. i shale
’ 430460 e e e sandstone, ete.
460485 . . i sand and shale.
A85BO0B. e sand.
505578« oveecenn S PP, ....shale.
578618 e e et et aean sand, white, with 5-foot layer of shale.
B18-643 . e eeeaiaeans sandstone; water.
643-T03. . oo shale, w1th 5-foot layer of sandstone
10‘3-960 .................................... shale. -

Minnékahta.—Several years ago the Burlington and Missouri River Railroad.
Company made a deep boring at Minnekahta station to obtain a water supply for
locomotives. A depth of 1,348 feet is said to have been attained, but no promising
amount of water was reported. The record, which is given below, is clearly an
unreliable one and very unsatisfactory for the identification of the geologic forma-
tions. No clue is given as to the location of the Minnekahta formation, which
should be expected to begin at about 300 feet below the surface at Minnekahta
station. The red sands, from 743 to 908 feet, are doubtless in the Minnelusa
formation, and possibly the red shale at 1,105 feet is the one at its base. At a depth
of 1,348 feet the boring should be near the granite or schist bed rock, for the thick-
ness of the formations from the lower half of the Spearfish through the Deadwood
is not much more than this in the surface exposures in:the region to the north.
The references to gypsum at .various depths in the boring are mistakes. as to the
identity of the material, except possibly those near the top. It is to be deeply
regretted that the record is not more accurate, for it could have thrown important
hight on the stratigraphy.

Record of deep boring at Minnekahia, S. Dak.

Feet A
O- 12 i, I soil and gravel.
12- 4Tl ... e eiaeeenanns gypsum (7).
" 2 sandstone. - - °
B2~ 107. . e i gypsum (? ?).
107- 178 e red gypsum (?).
173- 3808...... e eeeraeeccaeaaa white gypsum (? 7).
B08— 878 ciiiciiiiiececnaanas red sand.
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Feet.
88— 428 i red rock. . -
428 443..... Bt white gypsum.
443- -523. il red sands.
523- - 538, il = .quartzite (?).
538— B8 .. ieaa.. teeioooz....red sand.
58— 881l......... . limestone (?).
581— 611.oeeeem e, e blue sand and rock. '
611- 643 ...l .-limestone (?).
L sand rock. )
663— T43. i iieaaa.- gypsum (?). Lo *
T43= 908. oot red sands. i
908- 990. ... ...l gypsum (?).
990-1,022. i iiieiaaaan white sand.
1,022-1,082 . i marble.
1,082-1,108 . e c e gypsum.
1,105-1, 190, 5 iee e -red shale. .
1,190-1,232 . 0 e pebble rock, with layer of pyrites, 8 feet (?).
1,232-1,284 . ... .. e .-black gypsum (?).
1,284-1,307 . L. ...crystalline gypsum.
1,30751,325 oo eeaeaeeae red sand. ,
1,825-1,348 . ..ot white sand. *

Ardmore.—At Ardmore, on the Burlington and Missouri River Railroad, 26
miles south of Edgemont, the railroad company has made a bormg to a depth of
1,500 feet without obtaining water. The hole is entirely in shale, except about 40
feet of white sand containing thin partings of black shale. This boring begins
about at the surface of the .Niobrara formation, and "apparently pe‘netrates,very
nearly to the Dakota sandstone, the sandstone bed: reported probably being in the
Graneros shales. As Ardmore is at the altitude of 8,557 feet, and the water-bearing
Dakota sandstone outerops about Edgemont are at an altitude of 8,400 feet, there is
no possibility of a flow at the former place, but probably a supply of water for
pumping could be ohtained by deepening the boring into the Dakota sandstone.
The. estimated altitude to which the water would rise in such a well is about 3 450
feet. (See hg 14, p. 224.) .

Awgentme —This station is a water-tank siding on the Burlington and Mlssouu'
River Railroad, 17 miles northwest of Edgemont. The well is on the south side
of Pass Creek, a short distance west. It is a flowing well, 550 feet.deep, yielding
a fairly large volume of water, but of a quality not satisfactory for locomotives,
as the tollowmg analysis will show:

Analysis of artesian water at Argentme, S Dak.
Grains per gallon.
Sodium sulphate ..o i i cceaiciacceieeeeaaaa- 39.90 -
Potassium sulphate . ................. S AN US|

Lime sulphate .. .. feeaan . B LT T rayu 4.20
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Grains per gallon.

Lime carbonate - . ... oo oo e iieieemmeaamimeaaas CE 6.00
Magnesia carbonate . ... ...l iee e 4.00
Aluming and iron oxide. ... . ... ie e iieiecaacaccaaaan e .05
L5157 YU .19
Total SOHAS . - oo oo i e et cae e 56. 60
Organicmatter. .. ... e aimeeiiieeareicmeeeceaaeenas .55

This -analysis was kincily furnished by the railroad company. The log of the
boring was not obtainable. The well begins in Graneros shales and undoubtedly
obtains its water supply from the Lakota sandstone, which outcrops in the high
ridge to the east. '

Hot Springs.—At the Soldiers’ Home, a short distance west of the town, a
well was sunk some time ago to a depth of 223 feet. It began just above the top
of the Minnekahta limestone, and obtains a moderate water supply from the
sandstones in the Minnelusa formation.

FAULK COUNTY.

The geologic relations in Faulk County are almost precisely similar to those in
Edmunds County. To the west it lies high on the slopes of the morainal hills of
the Bowdle Range, and to the east extends tar out on the Iow level lands of James
* River Valley. Many wells bored in the county within the last few years indicate
that the Dakota sandstone is water bearing throughout and that waters are under
sufficient head to afford flows, except possibly at one or two very high points in the
extreme southwest corner. "As the strata lie nearly level, dipping very gently
toward the west from near Faulkton, the depths of the wells increase mainly with
the rise of the land, which swells slightly toward the center of the county. There
appears to be considerable variability in the horizon of the principal flow, many of
‘the wells having had to be sunk considerably “below the top of the sandstone to
obtain water in satisfactory volume. The only reports of pressure which have
been received are from the old well at Faulkton, which indicated 25 to 34 pounds
per square inch at a time when it was partly clogged up. The old well 4 miles
north of east from Orient is reported to have had a pressure of 130 pounds to the
square inch before it was clogged, which would indicate a water head of about
1,865 feet above sea level.. It had a depth of about 1,215 feet, a flow of 950
gallons, and a diameter of 6 to 54 inches. Flows were reported in a thin bed of
lime rock at 394 feet, at 1,070, and at 1,165 feet, where the principal supply was
obtained. The materials penetrated are reported to have been as follows:
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* Record, of well in T 117, R. 68, sec. 18, near Orient, Faulk County, S. Dak.

.-

Feet. )
20...... yellow clay. N
20- 47...... blue clay. /
47— 394___.._._shales, black, blue, and gray, with thin layer of lime rock at base
furnlshmg small flow.
394-1,070...... shales, gray, blue, and black.

1,070-1,110...... hard sandstone. ,

1,110-1,165.. ... sand, lime, pyrites, and shale.

1,165-1,215. ... sandstone; 950-gallon flow.
’ List of artes'wm wells, by townsths, in Faulk County, S. Dak.

T [menee| oo | Ay Remas.
' Feet. Gallons.
117 66 913-1, 054 45-65 ,
‘117 | 68| 1,095-1,156 90

117 | 69 1,232 60 , :
118 87 | 1,016-1,075 " 60-75 | First flow at 850 feet.
118 69 | 1,220-1,466 25-40 | Pressure, 60 pounds in one well.
118 | . 70| 1,183-1,608 45-100 | ~-
1ug |° 67| 1,080-1,117 20-{ N
119 68 1, 165 150
119 | 69| 1,206-1,456 © 25-100
119 70 | 1,367-1,402 100-185 T
19| 71 1,545 45 ,
120 67 | 1,039-1,060 50-150
120 68 1,025 25 | Pressure, 85 pounds (?). #
120 | 69| 1,197-1,287 10-125
120 70 | 1,342-1,512 12-100
120 71 1, 505-1, 570 27-85
120 72 | 1,580-1,650 30-70

GRANT COUNTY.

Grant County lies on the eastern slope of the east cotean, extending from
an altitude of over 2,000 feet near Summit to less than 1,000 feet at the foot of
Bigstone Lake, in Minnesota Valley. To the east there is a thick mass of
glacial drift constituting the coteau, underlain by the Pierre shale ‘which extends
nearly to the old granites exposed in the vicinity of Bigstone.  Dakota sandstone
underlies the greater part of the county and appears to abut against the granite

floor as this old rock surface rises to the northeast, but the position of its margin

is. not known.

A boring at Milbank is said to have reached a depth of 303 feet, .
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_the lower 20 feet of which was in granmite. A thm deposit of water-bearing
gravel is reported lying on this rock, containing fossils, and overlain by 200 feet
of shale capped by 75 feet of blue cldy doubtless of Pleistocene age. It has been
supposed that- the hasal bed is Dakota sandstone, but possibly it is in the Benton.
A number of other wells in the valley bottom to the west and south obtain
satisfactory flows at various depths, but the pressure is.too low to afford a flow

.

on the upper slopes and summit of the coteau.

* List of artesian wells in Grant County, S. Dak.

. Average \ °
Location, Depth. |Diameter.| yield pér Remarks,
. . ‘minute.
i
: i Feet. Inches. | Gallons. ‘
Mrs. Johanna Schultz, T. 118 R. 47 SW, % . 155 2 65 | Water rises to +-25 feet.
sec. 30. - N
Ed. Redman, T. 118, R. 48 S\V }sec. 14 ... 57 1, 2 40
Milbank . oot i 303 j.o..... Several.| 20 feet into granite.
Will Marquette, T. 118, R. 48 NE. } sec. 9.. 206 3. 3 | Water rises to --4 feet.
W. H. Koepke, T. 120, R. 48 NE. } sec. 22.. 407 2| 2| Water rises to 436 feet.
J. W. Newenburg, T. 120, R. 49 SE. } sec. 18. 422 2 10 | Water rises to 417 feet.
W. B. Saunderson, T. 120, R. 49 NW. } sec. 7. 510 | "= 2 30 | Water riges to 432 feet.
Mehegan & Fairchild, T. 120, R. 49 NE. } 379 2 3 Water riges to +-2 feet.
sec. 11 ‘
Julius Runge, T. 120, R. 49 NE. } sec. 13 ... 459 2 45 | Water rises to 38 feet.

Y

- - GREGORY COUNTY.

Gregory County lies in the southwest corner of the portion of the State west
of Missouri River. It extends along the west side of the river for about 50 miles,
and comprises the high plateaus extending southwest to Ponca Creek and heyond.
On the river banks and on some of the slopes westward the Niobrara chalk is

‘ exposed, overlain in the highlands by Pierre shale, which is capped to the south by
"Tertiary and Pleistocene deposits.

-The thickness of the Niobrara formation appears to he about 200 feet. It
is underlain by 400 feet or more of Benton shales lying on Dakota sandstone.
‘This sandstone contains artesian waters which have been tapped by a number of
wells on Whetstone Creek and by the old well at Fort Randall. The pressure in
these wells indicates that the head of the waters along the river is about 1,800
feet to the north and slightly over 1 500 feet to the south and probably increases
t0.1,850 feet in the southwest corner. This head is only sufficient to afford flows
albng Missouri and Whetstone valleys and in the lower and middle slopes rising
from them to the plateau. It is insufficient to give a flow at Bonesteel, at Fairfax,

" or in Ponca Valley. ' -
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The depth to the Dakota sandstone averages from 700 to 800 feet along
Missouri River, 1,200 feet on the east portion of the plateau, and somewhat over.
1,500 feet in the higher lands in the central, west, and southwest townships The
wells in Whetstone" Valley are from 714 to 890 feet deep and yleld lmge flows
of good water.

Fort Randall.—The well at Fort Randall, sunk by the Government many
yeurs ago, has a depth of 610 feet and is reported to have the following record:

{ - . )
Record of well at Fort Randall, Gregory County, S. Dak.

Feet,
L ..gumbo and clay.
100460 - - i eeiieaacaan soft stone.
460-520. .. S sandstone; 600-gallon flow.
520576 en .. el -..blue clay.
576-610._..... o e e deafcedaeeecccaccaanan very hard rock. '

This record is probably a very inaccurate one, but it appears to iind‘icate that
the Dakota sandstone was entered at a depth of 460 feet, »o>r very much nearer
the surface than would be expected from the experience.of. wells on the other
side of the river. Possibly the flow is from a sandstone -in the Benton group,
but the large volume -of water is difficult to account for on this supposition. It
is claimed that the hard rock in the bottom of the well was granite or quartzite,
but this also is very uncertain. ° )

HAMLIN COUNTY,

This county is on the summit of the east coteau,'between James and Min-
nesota River valleys. Its surface consists of a great thickness of glacial drift
lying on Pierre shale. Apparently it is underlain also by Dakota sandstone at a
depth averaging but little more than 1,000 feet throfighout. As the altitude of
the land is from 1,650 to about 1,900 fect,.it is too high for an artesian flow,
the probable head of the water in the Dakota sandstone being about 1,600 feet.
So far as known no endeavors have been made to reach the formation.

HAND COUNTY.

Hand County lies partly on h{ghlands of drift and on the lowlands of James
River Valley, the former rising to an altitude of somewhat over 2,000 feet in
Ree Heights, and the latter having an average elevation of 1,400 feet. The surface
is entirely covered by glacial materials, but these are underlain by « thick mass-
of Pierre shale and by the usual succession of Niobrara and Benton shales and
Dakota sandstone. The latter has been reached by numerous wells, which afford

flows in the central, northern, and eastern portions of the 'county. The head of
~ the water averages slightly over 1,850 feet about Miller and’ due north, increasing
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somewhat to the west and decreasing to 1,700 feet in the northeast corner of the
county. In the highlands of the southern half of the county the elevation is
considerably too great to afford flowing wells, but the precise extent of the
_nonflowing area has not been ascertained. A well 1,611 feet deep, in NW. } of
sec. 21, T. 110, R. 68, is in this area, and although it penetrated the Dakota
sandstone the water failed to reach the surface by 80 feet. The water-bearing
sandstones in the Dakota ;formationé occur at several horizons, and the principal
flows are found at some distance below the top bed of the formation. Different
wells in the region vary somewhat as to the horizon of the principal flow. The
strata lie nearly level or undulate very gently. A faint anti'cline appears to
 extend north and south through Miller, but it is a very low uplift.

Record of town well in Miller, Hand County, S. Dak.

Feet.
0- 220...coee--.. R soil, clay, and gravel.
220- 930, . i ieeiae i ieeeieaienana- blue shale.
980- 975 e reie i aainanan hard sandstone and pyrites.
975-1,105 . e iee e e shale (cap rock at 1,105 feet).
B 11 O sandstone, 460-gallon flow.

" The following is a list- of the artesian wells of the county:

List of artesian wells in Hand County, S. Dak.

. Location, ete. Depth. D;};zgrto Diameter. ﬁevfﬁ% Remarks,
) . . minute,
‘ Feet. Feet. Inches, Gallons.
L. L. Eiles, T. 110, R. 68, NW. } gec. 21.| 1,611 |........ 2 e Water risesto —80{eet.
Peter Myers, T. 110, R. 68, NE. } sec. 28. 838 |........ Y 14 50
C. Rowen, T. 111, R. 66, NE. }sec. 8... . .v. . |eemenae. G < P
H. D. Ellis, T. 112, R. 66, NW. } sec. 30.| 1,269 |........ 2 -1} 10
M. N.Strickling,T.112, R. 67, SW . }sec. 26| 1,246 {.__...._ _|........ 40
St. Lawrence, T. 112, R. 67, sec. 7...... 1,272 { 1: gzg },-. Few.; Pressure, 40 pounds.
R. T. Sedam. T. 112, R. 67, sec. 18 __._. 1,343 | 1,315 = 3 350 Pressure, 125 pounds.
John Baldwin, T. 112, R. 67, sec. 33....{ 1,375 | 1,343, 3 1,350 | Pressure, 119 pounds.
J. McCullam, T. 112, R. 68,8W.}sec. 2. 1,158 {........ 14 135
Township well, T. 112, R. 68, sec. 7....| 1,200 |... ... 4 50
W. H. Smith, T. 112, R. 68, sec. 10..._.. 1,140.) 1,110 3. ... .
Miller, T. 112, R. 68, sec. 10 .o ... 1,139 | 1,112 |. 6343 360 | Pressure, 120 pounds.' ’
Miller, Lost Creek Ranch Co........... 1,142 | 1,142 3 -2 40
1,030 ]
Joseph Koeck, T. 112, R. 69, sec. 11.... 1,207 [{ 1,100 2 100 | Pressure, 60 pounds.
‘ il 1,207
N. Noble, T. 113, R. 66, SW.$ sec. 20...| 1,058 |....._.. 14 35
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List of artesian wells in Hand County, S. Dak.—Continued. '
Location, ete. Depth. Dg};tt}ért.o Diameter. {gile‘a;lzdl?ieer Remarks,
v . Feet. Feet. Inches. Gallons.

A. B. Holmes, T. 113, R. 66, sec. 11 ... 980 {........ 2 100?| Water rises to --20 feet
Ick Brown, T.113, R. 66, sec. 24._._._. 980 |..oo-a. 13 35

Will. F-Pantsah, T. 113, R. 66,SW. F'sec. 15, 967 |.._._... AP IO

D. Conkey, T. 113, R. 67, SE. }'sec. 14..] 1,155 |[........ 2H . caaa..

A. 8. Piper, T. 113, R. 67, SE. } sec. 15..| 800 |........ -1 U

Township well, T. 113, R. 67, sec. 25...| 1,137 { LOSTN

' 1,127
‘ _ 1,100
W. W. Cotton, T. 113, R. 67, SE. } sec. 25| 1,140 { 1,112 3 400 | Pressure, 128 pounds.
1,129 : .

Mr. Escher, T. 113, R. 68, SW.¥ sec. 29.. 1,125 | 1,105 B leeeaennn

Gus Merion, T. 113, R. 69, SE. } sec. 33.] 1,214 |........ 13 60

Chas. Fuller, T. 118, 'R. 69. NE. }sec. 13| 1,162 (........ 2 100

Mr. Wyland, T.113,R. 69, NW.}gec. 14.| 1,215 | 1,190 | 2l _..._.

Township well, T. 113, R: 69.......... 1200 ool N SR

Sam Bushong, T. 114, R. 66, sec. 11.....| 1,0707|...._... 13 .3

Frank Yodes, T. 114, R. 66, W. §dec. 35.] 1,010 |........ 13 35

Thomas Jones, T. 114, R. 68, SE. } sec. 27.| 1,272 ... leee ol .

A. Gilmore, T. 114, R. 68, NE. } sec. 12...| 1,050 |........ 1% 40

Thos. E. Eaton, T. 114, R. 68, SW. } sec. 9.| 1,185 | 1,185 13 30

J.C. Harris?, T.114,R.69,SE. } sec. 14._| 1,197 |...._.._. 2 P

Oliver McGee, T. 114, R. 70, sec. 15 ... ... 1,803 |oeeno... 1 3213 150res

Jno. J. Stornif. .. ... .o . ol.L D 2 DR In progress, 1903.
H. Schoefers, T. 115, R. 69, SE. £ sec. 10 |.. ...}, ....... . 20 DO

Nabor Bros., T.115, R.69, NW.} sec. 24.} 1,242 \.__ ___j.._..... 16

J.B. Carl, T.115, R. 70, SW. } secs28.. ... 1,800 |.ooono.. 2 100

D. Countryman, T. 116, R. 67, sec. 26. ... ! 853 | ...-. 1L Y R

!
HANSON COUNTY.

Hanst’)n County is in James River Valley, its northern portion extending into the
artesian basin. Asthe greater part of the county lies on the summit of the old buried
ridge of Sioux quartzite, the Dakota sandstone is mostly absent. In the part of
this area northeast.of Mitchell, northwest of Spencer, east of KEthan, and on
James River about Elm Springs, overlapping sandstones in the Benton formation
are sources of small artesian supplies. Small flows are also obtained from the base
of the drift, probably due to leakagé trom the Benton horizon. - East of Mitchell
the upper beds of Dakota sandstone appear to lie ina vallejr in the quartzite ridge
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for some distance, and to contain water which affords flows on the Jower lands along
James River and on the slopes and upland just north of the mouth of Rock Creek.
In the northwest corner of the county there is an area of about 30 square miles
in which excellent flows are obtained from the Benton sandstone in wells 80 to 200
feet deep, and from the base of the drift.in shallower wells. These conditions
continue to the east at intervals through the northern tier of townships, especially
in the district north of Spencer. ‘

List of artesian wells in Hanson County, S. Dak.

1;%?;_1' { Range. Depth. Agg;ﬁ%ﬁe‘;d ’ Remurks.
) Feet. . Galions.

. 101 58 412 | eeaes

103 56 112,150 Seve/ral. Flows from base of drift north of Spencer only. i

© 165,260 Several. | Flows from upper sandstone of Benton north of Spencer only.
103 57 127 Several.. | Flows from base of-drift in section 11 only.
103 57 | - 155-290 5-40 | Flows from upper sandstone of Benton in northeastern sec-
tions only.

103 57| 400 Many. | In section 4, from sandstone in Benton group.

103 | 58 140 | Severdl. RN

103 | 59| 135-176 | Several. | Flows from base of drift.  ~ ~ “weo_

103! 59 400470 Many. | Flows in northwestern sections only. T

103 59 410 None. | Insufficient head for flow in section 18,

104 56 | ° 80-145 Several. | Flows from base of drift in western sections.

104 56 167-260 Several. | Flows from upper sandstone of Benton in western sections.

104 |" 57 152-170 | . Several. | Flows from base of ‘drift.

104 57 170-365 ) 3-5 | Flows from sandstones of Benton.

104 | -57 508-600 4-50 «
104 58 90 Several. | Flows from base of drift. ,

104 58 175-365 Several. | Flows from sandstones of Behton,

104 58 440-555 30-150 | No flows in sections 30, 31, 32, and 33.

The main artesian basin extends under the greater part of townships 104, ranges
57 and 58, in the northeast and north-central part of the county, where there are
numerous wells 400 to 589 feet deep. They furnish large flows and us{mlly have
first flows also from Benton sandstone, which is the source of small lows in numerous
wells 200 to 300 feet deep. °
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A typical deep-well section in Hanson County is as follows:

Log o_}‘ Knapp well, in sec. 13, T. 104, R. 58, Hanson County, S. Dak.

Feet.
0- 20 ........... yellowclay. . .
: Drift.
20123 ........ blueclay... _} o
123-188 . ... ...... coarse sand with small flow.......
188~208. .. ceeioaoos black shale ... ... ... .._.....
208218 ... .coarse sand with water . .__...__.. ’
218-230. . .. teanas blueshale ... ....__. . Benton
280-235. .- gand..... e memma—eeaaeman N
235-535. ... ghale, dark above, lighter (below..
535-550. ... e soft sandstone, with 150-gallon flow from 2-inch pipe (Dakota).
R. 59 W R. 58 W,
/ 7 A 7
s ////////////g// // LEGEND
2 : / R Flows from base of drifh
- 7 Zz  or Benton sandstone
/ // / : at 50-200 feet
- S & D
o F = %
- \ = Flowsfrom Dakota sand-
9% Farmen -1 stone at 850-550 feet with
o P o Armer — first flows at 200-400 feeb
- Fulton;y *,* | i S in most cases
% z .
(=]
. Quartzite outcrops .
z -
o -
=] =)
= o
F z
)
Emery
- o/Rockport
-
Z 4 -1
5 5
= z
Elm Spring
R. 59 W. R. 58 W. R. 57 'W.

F16. 15.—Map of Hanson County, showing artesian conditions, etc.. by the late C. M. Hall.

HUGHES COUNTY.

Hughes County extends from Missouri Valley eastward onto the highlands.

Most of the surface is covered with glacial deposits which are underlain by several

hundred feet of Pierre shale.

Under this is the usual succession of Niobrara forma-

tion, here mostly shale, Benton shales and sandstones, and Dakota sandstone lying on
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granite or quartzite. The sandstone is water bearing, and the water appears to be
under sufficient head to afford flows throughout the countyf Its depth varies from
1,000 feet in Missouri Valley at the south margin of the county to about 1,600
feet in the highest lands in the northwest portion. The beds dip gently to the
northwest. o :
There are several wells at Pierre and vicinity, one at Harrold, and another just
north in Sully County. The three wells at Pierre are 1,160, 1,256, and 1,537 feet
‘deep, respectively, the two latter having, it is asserted passed through the sandstone
* to granite. The greatest pressure reported is 210 pounds to the  square inch,
sufficient to raise the water to an altitude of 1,920 feet above sea level. The
Pierre wells yield large flows of water, with considerable gas, which has been
found useful. The following record is reported by Mr. Swan, the driller:¢ -

Record of well at Pierre, Hughes County, S. Dak.
Feet.
0- 62..sand and gravel.

62~ 87..gray shale.
87~ 275..black shale.
275~ 325..blue shale. - :
325~ 425..light-gray shale.
425~ 476..dark-gray shale. o a
476~ 479..lime rock, hard. ’ .
479- 530. .blue shale. ; )
530~ 533..lime rock, hard. : R
533— 650..blue shale, soft above, with gas.
650- 654..hard sandstone. ] :
654-1,085. .blue shale. Small first lows at 870 and 890 feet.
1,085-1,130. .streaks of lime and shale. . :
1,130-1,140. .sand rock, yellowish.  Flows of water and gas.
1,140—1,175. _streaks of lime and sand.
1,175-1,185. .sand rock, yellowish. Flows of water and gas.
" 1,185-1,215. .streaks of shale, lime, and sand. :
'1,215-1,245_ . white sand, soft. Main flow, 210 pounds pressure Temperature, 89°.
1,245-1,250. .streaks of white shale and lime. " ’
1,250-1,256. - granite. :

. Professor Todd reports that there is no question as to the identity of the granite
claimed to have been penetrated 6 feet at the bottom of the well. Another well
sunk recently a short distance west found the granite at a depth of 1,537 feet, a
*digcrepancy difficult to account for.

The well at Harrold is at- the altitude of 1,801 feet, and the water is under

a Bull. South Dakota Geol. Survey _N 0. 2, 1898, pp. 93-94.
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sufficient pressure to rise 62 feet higher, yielding a flow of 84 gallons per minute
from a 4-inch pipe. The well is 1,453 feet deep and has the following record:

Record of well at Harrold, Hughes County, S. Dak. -
Feet. : '

0- 125 . ...... e glacial deposits.
125— 280 .. iaaas blue shale.
280- 282............. . ... limestone.
282~ 450..... e eaneaan blue shale. . .
450- 550 .. .iiieaeaa- gray shale, with limestone layers.
550-1,435 . ool _.gray shale, with limestone layers in its Tower portlon
1,485-1,451..................sandstone.

1,451-1,453. ... P brown shale.

HUTCHINSON COUNTY.

" Hutchinson County is partly in James River Va,lléy and extends up the slopes of
the adjoining high lands to the east and to the west. The surface is mostly covered

by glacial drift, but in some of the valleys there are outcrops of Niobrara chalkstone’

"and the sandstone at the top of the Benton formation. The Dakota sandstone under-

. lies the greater part of the county, but to the north abuts against the Sioux

quartzite and ends, the overlying formations extending beyond, up the slopes of an

underground ridge. The formations all dip gently toward the southwest a,long éhp
slope of this mdge '

The depth to the Dakota sandstone is slightly less than 300 feet along James Rlver,

gradually increasing in the higher lands to the west and to the east. In the south-

west corner of the county the sandstone lies nearly 800 feet beneath the surface, and

_in the southeast corner 700 feet. It contains large volumes of water under considerable
- pressure, which is sufficient to afford flows in the lower lands but not in the higher
areas in the east and extreme southwest portions of the county. There are several

horizons of flow in the region, beginning with sandstones in the Benton shales and .

comprising two or three thick sandstone layers in the Dakota. = These are tapped by
numerous wells in the' northwest, central, and south portions of the county. Some
of the wells obtain their waters from the top of the sandstone, and others penefrate
to lower horizons to obtain increased volume and pressure. ' oo

In the east portion of the county are- several wells which have been sunk to the

quartzite without obtaining water or only finding supplies in the Benton sandstones -
that lacked sufficient head to flow. Flows are obtained from the Benton sandstones

at Elm Springs and at.some other points in the area in which the Dakota sandstone is
absent, and from this. source several wells in the region to the west have obtained
first flows of moderate volume. The principal features of the representative wells in
this county a,re set forth in the following table:

"
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. List of artesian wells, by townships, in Hutchinson County, S. Dak. .

’I;%‘lv;l' Rauge.' ) Depth. ‘Aggglg&%ﬁl.d Remarks.
Feet. . Gallbns. .
.97 56 445480 .. caeanoo.. No flow. :
) 122 27-60 | Flows from base of drit.
97| 57 65-154 3-10 | Flows only in valleys, from base of drift.
417 Few. | Low pressure. Menno town well. ' -
406-630 Many. | Pressure 25 pounds.
747 6 ‘ b
97| 59 480-620 30-50 | Pressure 25 to 35 pounds; several flows.
300 Few. | Flows from Benton sandstdne.
500 1 | Sec. 26.
97 60 540-614 40-50
648~760 50-100 | Pressure 35 to 60 pounds,
-842 700 | Pressure 9 pounds. Tripp town well.
97 61 - 30-62 6 | Flows from base of drift.
B~ ¥, 20 P
98 | 56 53-54 4-9 Do. : .
98| 57| = 5565 1-3 Do. o -
98 | 58| . 4207 ..........l . ' _ _
98 59 40-200 Several. | Flows from base of drift and upper Benton sandstone.
_ 370450 1-15 ' :
98| 60| 470-380 |  16-120
’ 120-189 | Several. | Do,
98 | 61 482-560 13-60 .
64-130 6-10 | Flows from base of drift.
99 | -~ 56 54-95 10-12 Do.: '
99 | 57 150 | “Wolf Creek.
99 58 | 270-335 1-10 . .
280 ... No flows in northern sections.
"99 1 59| - 365-490 Many. | : N
©. 118 Many. | Flows from base of drift.
99 60 470-540 5-~1560
100—130 ' Many Do.-
360-440 |__L. . ..._.. " First flows from'lower Benton sandstones.
) < . - b42 .30 | Pressure 20 pounds. Parkston town well.
99| - 61 515-535 10-50 | Pressure 13 pounds and over.
140 | ...oae... Flows from base of drift. *
490-572 8-50 '
100 59 180-2200 (... ceme e First flows-from lower Benton sandstones.
' 240-345 | ... No flow. . '
100 | 60 560 10 : S
ol 370462 3-10'| First flows from lower Benton sandstones.
. 296~340 | Many. | Flows from upper Benton sandstone.
100 61 419-585 1-90
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Record of well at Tripp, Hutchinson County, S. Dak.

" Peet.
0- 25, . eaon drift.
25-325. iiieian.. chilkstone (probably a portion of these 300 feet comprises light-
colored clays in the lower part of the drift deposits).
325-425. .. ....... sandstone (top of the Benton)
425525 .. . ..... shale.
525-529_ ... _...... sandstone.
529-729_ ... ... shale.
729-764_ ... ._._.. sandstone and shale. )
T64-824. ... ... sandstone with flowing water.
Record of well nt Parkston, Huichinson County, S. Dak.

Feet. :

O-40.. ... yellow clay.

40-225.. .. ........ gand with water.
205434 .. _....... blue shale. )
434444 ... ... gray shale with water.
444—-460_ ____ PR gray shale.
460472, ... ... fine sandstone. .
472-542 ... ... shales, with hard layers above and sand layers below, with flow.
842 . -. Zvery hard rock. l '

HYDE COUNTY.

This county extends north and south along the summit of the high divide between
Missouri and James river valleys, the higher portions of which attain an altitude of
over 2,000 feet above sea level. The surface is thickly covered with glacial drift,
with underlying Pierre, Niobrara, and Benton shales over 1,400 feet thick, lying on
Dakota sandstone. Two borings have been reported—one at Highmore, with a depth
of 1,552 feet, and another at the Mitchell ranch, 8 miles northeast, with a depth of 1,397
feet. Both obtain flows from the Dakota sandstone. The pressure in the Highmore
well is stated to be 12 to 15 pounds to the square inch, indicating a head of 1,920 feet
above sea level, a pressure insufficient to afford flows on the high summits south of
Highmore and on the high ridges northwest. '

Highmore.—The well at Highmore is at an altitude of 1,890 feet; its depth
is 1,552 feet, diameter 6 inches, and flow about 9 gallons per minute. The prin-
cipal flow was obtained from a depth of 1,537 feet. Nonflowing water was found
in a bed of sandstone, probably in_the Benton formatioh, extending from 1,430 to
1,442 feet. The following is the log of this well: )

. Record of town well at Highmore, Hyde County, S. Dak.

Feet
0- 240 ... ioiai... s s soil, clay, and gravel.
240~ 740 i oo blue shale.

2 U ) £ S PN hard gray shale, pyrites.
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Feet, .
815-1,086 .. e iiiiiieiieaicaaaas blue shale.

1,086-1,810 . . e ie e ee e gray shale mixed with sand.
1, 810-1, 304 - o shale and epyrites.
1,314-1,480 . oo P Dlue shale. ‘
1,430-1,442 i iiciiiiiaaann sandstone; no flow.
1,442-0, 687 o el sandy shzle on bed of hard sand.
1,587-1,852 . . il SR soft sandstone.

JERAULD COUNTY.

+ Jerauld County extends from the western part of James River Valley onto
the high drift ridges westward. The surface is covered with drift lying: on Pierre
shale. Under this shale there is the usual succession of Niobrara chalkstone,
Benton shales and sandstone, and Dakota sandstone lying on granite and quartzite,
the beds dipping gently to the north. ’4

The Dakota sandstone contains water under pressure sufficient to afford flows
excepfz on the highlands in the central portion of the county. There are numerous
wells with large flows in the eastern third of the county, which average for the most
part from 715 to 850 feet in depth and furnish large volumes of water under pres-
sures of 90 to 182 pounds, indicating that flows may be expected in all portions of
the area having an altitude of less than 1,700 feet. The following is a list of the
wells which have been reported:

List of artesian wells in Jerauld County, S. Duk.

town | unge,|  Depn, Ayerage yield e,
Feet. Gallons,
106 63 715--760 200-280 | Pressures, 110-132 pounds.
106 64 735-880 5-280 | Pressure, 114 pounds.
107 64 860 35 !
107 | 65 1, 200 1
108 63 785 500 | Water, irony.
108 64 7993 2
- 865, 840 45
108 65 1,057 200 | Pressure, 90 pounds.

‘

Records of some typical wells in Jerauld County are as follows:

Record of well of S. H. Abert, T. 108, R. 65, sec. 5, Jerauld County, S. Dak.

Feet.
0-47...... drift.
47-400_._ ... ghale, with pyrites layers, and with a layer with many shells at 290 feet.
400-415. ... chalkstone.

415-460._.__. shale (top of .Benton). -
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Feet. :
460- 490...... sandstone; contains water.
490- 586......shales, with sandstone layers. f
586~ 705...... shale.
705- 725......hard rock.
725- 899, ... shale, with thin limestone at 801 and thin sandstone at 845 feet.
899- 914...... gsandstone; small flow,
914-1,003 .. .. .. cbmpact shale. -
1,003-1,045...... hard sandstone (top of Dakota).
1,043-1,057.. .. .. sandstone, with 200-gallon flow. |

A

In the well of P. Schultz, T. 106, R. 64, sec. 9, the first water was found under
chalk at 290 feet below the surface, and Dakota sandstone was reached at 836 feet
and yielded a 280-gallon flow at 880 feet.

Record of well of E. Schm\idt, T. 108, K. 64, sec. 14, Jerauld County, S. Dak.

Feet.
0-100. oo drift. !
00104 . i iiieaaan limestone.
104-254 . ... e shale (Pierre).
284-849 L e e e chalk
BA9=369 . .- oo ¢halk or sandstone, with water.
369649 . i iiieiciieaan shale A N
649654 . ..o sandstone; with flow.
6854840 . | e iiiaeaaen shale. R
840-841 . ... e g andsﬁone, with main flow.

Record of well of L. Feistner, NW. } sec. 2, T. 106, R. 63, Jerauld County, S. Dak.

Feet. L
0= 40, e drift
401000 L shale
100-160. - e chalkstone.
160-170....... et aeaeaam——aaan sandstone at top of Benton.
170500 . e e shale.
BOO-50T. .. oo e e sandstone with flow. N
501701 . .. .. shale. ¢
TOL-721 top sandstone of Dakota, with main flow.
)
i KINGSBURY COUNTY. .

The artesian conditions in this county present considerable variety, the lower
lands in the west portion of the county lying sufliciently low to bé within the reach
of flowing water, while to the east, in the higher coteau country, the land is too
elevated for flows from the Dakota sandstone horizon. The entire country is
underlain by Pierré shale overlziin'by Pleistocene deposits, which have conside..ble A
thickness in the coteau region eastward. Many wells, most of which yield large

10001—No, 32—05——16 : ‘

.
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* flows, have been bored in the western part. The first one sunk was at iroquois,
where, at a depth. of 1,115 feet, 1,000 gallons per minute were obtained. The
well penetrated shales of the Pierre, Niobrara, and Benton formations. Small
flows were found in thin sandstone layers at 400 and 600 feet, and the main flow
in the Dakota sandstone, which was entered at 847 feet. The pressure was reported
to be 67 pounds per s/quare inch in 1890, but a determination in 1899 gave 71
pouﬁds. - Other wells have since been sunk, mostly in the western portion of the
coaﬁty, which have depths from 815 to 1,120 feet and yield from 20 to 100 gallons
a minute, with surface pressures of from 8 to 50 pounds to the square inch. Several
wells in various places obtain water supplies from a sandstone horizon just below
the first great body of -shales, probably at the top of the Benton group, but these
have to be pumped -to the surface. The surface of the Dakota sandstone slopes
gently northwest, with slight local undulations. East of a line passing north and
south near Manchester the land rises rapidly to the northeast from an average
altitude of 1,500 feet to-oyer 1,800 feet on the summit of the coteau- As the head
of the waterin the Dakota sandstone is from .1,550 to 1,615 feet on the west and
1,680 at De Smet, it is evident that noflows are obtainable in the wide coteau area.
The following is a list of the deep borings so far reported in the count;\rz

List of deep borings in Kingsbury. County, S. Dak.

Location. Depth. )éigle({%ge‘i J Remarks,
‘l' minute. 1

. ) Feet. Gallons.
8. E. Matthewi's, T. 109, R. 67, sec. 30 ._._...... 925 80 | Pressure, over 20 pounds.
K. Singerson, T. 109, R. 58, sec. 8.............. 815 © 90 -
ESMOnd -« eneoeo e . 870 75
F. H. Horton, T. 109, R. 58, sec. 29 . /.. ......_. 840 | Many. [ i
—, T. 109, R. 58, 8ec. 29_ . ... ... ... ... ‘845 100 .
H. H. Welch, T. 109, R. 58, sec. 35 ............ 906 50 | Pressure, about 20 pou‘nds.
— T 109, RBB e 600, 640 |._.. ... Water nearly to surface.
—— T. 109, R. 58 ... S 400-500 |._...... Several wells; water level, —30

3 to —50 feet.’
Arlington. ... ...l : 786 |- No flow. S
E. Gulbrangere, T. 110, R. 57, sec. 18..1........ \ 970 20 | Pressure, 8 pounds.
Spear well, T. 110, R. 57,8ec. 19 _.__........._. ‘ . 940 60 | Pressure, 27 pounds.
Troquois - .-...... e e 1,115 | 1,000 | Pressure, 67 pounds. Main
flow from 850 to 900 feet.
A. X. Waters, T. 110/ R. 58, sec. 28 oo ooneo. 850 ! 35
DRIt - oo e oo oo et 1,610 ... Water to —20 and —40 feet from
several strata.

—, T. 111, R. 56, sec. 32._ ... .. . 500 | Many. | No flow.
——, T. 111, R. 57, 86C. Boeeemn i 600 | Many. Do.
—— T. 111, R. 57, 8€C. 28..oovumeenaaanan. 1,000 ...

T 111, R 57, 86 Blennemeieeeean 970 30
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List of deep bovings in Kingsbury County, S. Dak.—Continued.

Loeation. - Depth. }%;Ft{a;ig ‘ Remarks.
minute. '
Feet. Gallons. : .
De Smet, T. 111, R. 58, 8ec. 22. ... .. oceeeeno-. 943 | Many. | Pressure, 50 pounds.
J. Burcheding, 1. 111, R. 58, sec. 24.-....._..... 1,010 18
C.'G. Swefford, T. 111, R. 58, sec. 34 . .._._._... 850 50
Hetland, T. 112, R.53,8ec. 19 ..o ooiao.n " 710 | None. | Dry hole.
e A B B 375, 600 | Many. | Water level, —100 feet.
‘Wm, Rusche, T. 11‘2,—R. 57,8ec. Toooo...... Lo 1,120 | - 4 | Pressure, 15 pounds.
W. Solcey, T. 112, R. 58, sec. 3 ................ 1,000 40 | Pressure, 40 pounds.
Andrew Mears, T. 112, R. 58, sec. 14 . .......... 1,030 20 | Pressure, 30 pounds.
Brooks’s well, T. 112, R. 58, sec. 21 _........... 1,045 | Many. '
S. Mann, T. 112, R. 58, sec. 30.._._...... P, 947 | . 10
R. C. Purington, T. 112, R. 58, sec. 35.......... 1,040 | 45

The following records show the principal geologic features in some repre-
sentative wells in Kingsbury County: : ) /

Record of artesian well ut Troquois, S. Dak.

Fel'et N
(U clay
45— 400, ... i, e shale

400 4020 oo e e sand, with water. /-
402- 600........ e shale. N
600— B02. ..o +.sand, with water.
602— 847. . e e eeeememaaaan shale. ) .
47— 900. - - e sandstone, with 1,000-gallon flow.
900-1,100 - - <o oot shale.

The shale from 45 to 400 feet is probably comprised in the Pierre and Niobrara
formations, the latterihere consisting of materials not sufficiently calcareous to be
reported as chalkstone, a deposit which characterizes the formation farther south in
the State. In this well the formations of the Benton group extend from 400 to
847 feet, wheie the top of the Dakota sandstone was entered. ‘ ' .

Another well 4 miles northeast of Iroquois, on land 100 feet higher than the Iro-
quois well, obtains a large flow from a depth of 916 feet with a pressure of 50 pounds.

Record of Brooks's well, T. 112, R. 58, east side, sec. 21, Kingsbury County, S. Dak.
Feet. ’ ' '

0- 113..... e cemeeeema e yellow and blue clay.
118= 400 . en e e e eeeaeens shale. :
400~ 450, % i sandstone, with water.
450-1,080 . o i shale.

1,080-1,045 . oo sandstone, with large artesian flow.
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This record is very similar to thdt of the Iroquois well, 9 miles southwest. The
sandstone extending from 400 to 450 feet probably represents the sandstone bed
which usually characterizes the top or upper portion of the Benton group in eastern
South Dakota, and furnishes water for many deep pump wells in portions of

Ki/ngsbury County and elsewhere.

Record of Spear artesian well, T. 110, R. 57, NE. } of sec. 19, Kingsbury County, S. Dak.

Feet,
0- 36 . yellow clay.
36-140 blue clay and sand.
140-390 black shale.
390-485 gray shale. ,
485-505 sandstone; water to —111 feet. -
505-862 gray shale.
862-863=. .. ... ....... e sand; some water.
863-932. . ... ... ... e uaaieeeseceaeaaaaaan ghale.
O82- 98T - i sandstone; 60-gallon flow.
937940, o . il eeaiaoan e hard rock.

The black shale from 140 to 390 feet is undoubtedly Pierre, and apparently the
" gray shale below represents the Niobrara. The water-bearing sandstone extending

from 485 to 505 feet is the usual feature at or near the top of the Benton grotip, and
the sandstone entered at 932 feet is the Dakota, with a large volume of water

showing a surface pressure of 27 pounds.

Record of deep boring at De Smet, S. Dak.

Feet. ‘
0- 44 L. clay
44- 104 ...l sand ‘

104— 840, ... ... ...... ghale.

840~ 865 .. ..... hard rock.

865—- 985.. . ......... P sandstone, with water to —40 feet. .

985-1,185. .. oo iieiiaaaan shale, or “‘soapstone,” with fish teeth at 1,145 feet.
1, 1851, 456 <o oo et sandstone, with water to —40 feet. ¢
1,456-1,470 .. oo hard rock. o
1,470-1,610....... hoeec e sandstone, with water to —20 feet.

This boring was sunk with the hope of finding an artesian flow, but was
unsuccessful, owing to the height of the land. Large volumes of water, it is
claimed, were found, but failed to reach the surface by 20 to 40 feet. The first
104 feet in the horing are in drift, and from 104 to 1,185 feet in Pierre, Nio-
brara, and Benton clays. In one log the first water-bearing sands were reported
from 763 to 793 feet, and in another from 865 to 985 feet; probably both were
in the top of the Benton group. The hard rock from 840 to 865 feet may he a .
limestone such as sometimes occurs in the lower part of the Niobrara formation in
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some regions. A stratum, said to be 1 foot thick, lar gely composed of fish teeth,
was reported at a depth of.1 ,148 feet, appazently in the lower formation of the
Benton group. The Dakota sandstone appears to have been penetrated-from 1,185
to 1,610 feet, a thickness of 425 feet, without 1'eacﬁing its base. This boring
probably shows that no flows are obtainable on the coteau. ‘

A well at Arlington is neported to have reached a depth of 786 feet without
obtaining a.flow. Tt is almost certain that it did not reach the Dakota sandstone,
which probably lies at a depth of 1,100 feet. As the altitude of the town is 1,846
feet and the head of the water in the Dakota sandstone is probably less than
1,700 feet, a flow could not he expected.

The following record of the Arlington boring has been 1ep01ted

Record of deep boring at Arlington, S. Dak.

Fect, \
0- 10 . ceenna.. e eaeeeeeeeeaecceeeeeeeeenaaaaas loam and clay.
10- 50 .oooleeil e e eemea e dark-yellow clay.
0210 . s e e e blue clay.
b L s grayish clay.
B70-T8. - oo blue shale.
TBET86 .-+ eeeeee e n e eeae e naas ettt aaaas sandstone.

Another similar deep boring was sunk at Hetland, in sec. 19, T. 112, R. 53,
but was entirely dry. '
Record of deep boring at Hetland, S. Dak.

 Fect . ’
B black loam.

2 B0 e iceiaccans T, FET yellow clay.
2 blue clay.
285310, . ittt ieieeieieeeacaaa e, soft yellow clay.
B10-360. . e eicieeeicaacaeeeacee v shell rock,
360-420...... et emeeeaeeeeeeeeeeaeaeoa.. yellow clay.
420-710. e i iieiiieaeeeaaa e ieeiaaa blue shale.

Feet '

0- 80, i e yellow and blue clay

80420, . i ecieecieiteieieemeanaaaan shale '
20— 2 e ieaeeeeee—eaeacaeeaaan chalk rock

=760 eaeian... s soapstone and shale and hard layers,

ab T60 . i et first flow. {\
L sandstone, shale. _
836-883 . eeiciciieia i cteeaceeaaaaann cap rock. '
883-893 . e Waber-bearmg sandstone.
893-906. . . et i no more water
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Record of ‘deep boring in T. 109, R. 57, SE. 1 sec. 30, Kingsbury County, S. Dak.

Feet. | .
0-40........ e e eeieccaaanan yellow till. -
A0 B0 e e blue clay.
B0-282. e black shale.
28240 e ““soapstone”’ and chalkstone.
493598 e iceiiiiiiaaoat " .-shales with hard streaks.
BOBT46 « e e e gray shale. ' .
G sandstone.
770907 ... et eieeeaeeaeaaaas soapstone, sandstone, and shale.
G07-918. e iiiea i cap rock.

915-928. .. ...... e e e ema e emmaeaanaaan sandstone,

LAKE COUNTY.

A buried valley in the quartzite and granite which extends north and south
through the center of this county apparently contains the Dakota sandstone, but
the altitudes of the land are too great for the formation to afford a flow.

Madison.—At Madison aiboring was sunk to a depth of 1,082 feet, which
appears to have been mainly in shale and to have obtained no water supply.
Lime rock, which was reported from 49(_) to 570 feet, resting on sandstone, sug-
gests the Niobrara chalk, but aside from this there is no evidence as to the
geology of the boring. As the bed-rock surface is known to rise rapidly to the
west, south,.and east, it is evident that there is a deep trough at Madison, prob-
ably opening to the north, as shown in Pl: XXXIX. Whether this trough con-
tains Dakota - sandstone or not remains to be demonstrated, but if it does it is
not to be expected that its water will have sufficient head to reach the surface,
which at Madison is 1,669 feet ~a,b'o‘ve sea level.,

4

LAWRENCE COUNTY. T

‘This county is on the nmtheabt slope of the Black Hills uplift, extendlng far
into the region of cwatalhne rocks to the south and out on the plains of Benton
shale to the northeast. In the northern half of the county the rocks dip mainly to
the north and northeast and pass undelglound in regular succession from the old
crystalline schists to the Benton shale. In the extreme northeast corner of the
county the Dakota sandstone lies about 1,000 feet below the surface in a shallow
syncline which pitches north. Probably its greatest depth in the county is 900 feet,
in the ridges northeast of St. Onge.

Doubtless the sandstone would yield flowing water in the lower lands, as
indicated by the experience of wells at Belle Fourche, a short distance north. It is
probable that in Red Valley in this county underground waters could be obtained
by sinking into the sandstone of the Minnelusa formation, and possibly also in the
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underlying Pahasapa limestene and Deadwood sandstone. The depth from the
middle of the Spearfish red beds to the top of the Minnelusa sandstoie is about 500
feet, the Pahasapa limestone lying 500 feet deeper and having a thickness of 500 feet
“to the top of the Deadwood sandstone. No deep wells are reported in this county.

! LINCOLN COUNTY.

Apparently only the extreme southwest corner of this county is underlain by
the Dakota sandstone, and it is believed that the water of that formation does
not have sufficient head to reach the surface in flowing wells. The Sioux quartzite
rises to the surface in the northeast portion of the county. and slopes gently to
the southwest, where it is overlain by a greater or less thickness of Benton shale
and Niobrara chalk.

LOWER BRULE INDII}N RESERVATION.
‘(Se—e Lyman and Stanley ceunties.) -
LYMAN COUNTY.
Including Southern Porti'oni of Lower Brule Indian R‘eservatior;.

This county extends from Missouri River 85 miles’west over the plains lying
between Bad and’ White rivers. It is underlain almost entively by Pierre shale,
except along Missouri River and in its vicinity, where the underlying Niobrara
chalkstone is exposed. A few of the higher points are capped by remnants of
Tertiary deposits, notably at White Clay and Medicine buttes. Under the Pierre
clay there is the usual succession of Niobrara chalkstone, Benton shale, and Dakota
sandstone, the latter lying on the gramte or qualtmte to the «east, but possibly
overlapping rocks of Paleozoic and early Mesozom _age m the Western portion of
the county. o

The Dakota sandstone contains water  in la1ge Volume and under - sufficient
pressure to afford a flow in all the valleys and probably for some distance up the
slopes. Owing to our lack of knowledge of the topography of “the county and the
precise head of the waters in its western part, the nonflowing areas can not be
accurately delimited. The waters have been developed by sevelal wells in Missouri
Valley opposite Chamberlain, and in the McClure well on Cedar Creek, 18 miles
south-southeast of Pierre. The Wells opposite Chamberlain are of moderate depth
_ One on the farm of G. S. Grant, in T. 104, R.-72, sec. 14, has a depth of 563 feet
and a diameter.of 2 inches. The hrst flow was 1eported at 360 feet, the second
flow at 460 feet, and the main flow at the top of the Dakota sandstone at-560 feet.
Another well, on the farm of E. A. Barlow, on a bench a mile back from theriver
in- the southern part of T. 104, R. 71, has a depth of 600 feet and a diameter of

~
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9 inches. Its flow is smail. The Adams-Brinkehoff well, on the NW. } of sec. 7,
T. 104, R. 71,°has a 2-inch hore, is 737 feet deep, and flows several hundred gallons
per minute. The pressure of the water in these wells is not given, but, judging
from the wells at Chamberlain, it is probably sufficient to raise the water to 1,800
feet above sea level. A

The Dakota sandstone in this county appears to dip gently west and its depth
increases to the west by the gradual rise of the land in that direction. The wells on
:Missouri River reach it at a depth of about 550 feet the amount increasing somewhat
both up and down the river and rapidly in the highlands to the west. In the divide
between Medicine Creek and White River it lies at least 1,400 feet below the surface
to the east and at White Clay Butte somewhat over 2,000 feet. On White River,
at the western border of the county; probably the depth is nearly 2, OOO feet and on
Bad River 1,600 to 1,700 feet.

The MeClure well is in sec. 31 or 32 R. 78, T. 108, and has a depth of 1,653
feet. The inner tube is 14 inches in diameter and is reported to yield a flow of 40
gallons per minute with a pressure of 20 pounds. A special line of levels was run
to this well, and it was found to be at an altitude of 1 ,917 feet, so that the pressure

of 20 pounds indicates that the water-at this place has sufficient head to rise to 1,963
feet above sea level, which, with the probable slight increase to the west, is sufficient,
to afford flows in portions of the county not on the higher divides. The record of
the McClure well is reported as follows: . -

Record of McClure well, sec. 31 or 32, 1. 108, R. 78, Lyman County, S. Dak.

Feet. .
0- 20.. . it yellow shale.
20~ 820.....ciiiciiieino.n. blue shale.
820-1,090. . ... ... black shale.
. 1,090-1,094............_........hard shale.
CL,094-1,294 ..o a.. black slate with layers of hard hmestom
1,294-1,820. o oee i aaas sandy shale.
1,320-1,470. ... ... s black shale with sandy streaks.
1,470-1,510. . .. oieioiiiiion muddy sandstone, black shale, and shelly limestone.
©1,510-1,550. el gray shale and fine sandstone mixed.
1,550-1,552. .. ..o.ooonn s eeeenns very hard rock: ' {
1,852-1,585. «coeoeiiie shale.
1, 5551, 585« o eeo e sandstone. '
1,585-1,623. . oo o.8 sandy shale.

There is some uncertainty in this record as to whether the Dakota sandstone
was reached at 1,470 feet or 1,555 feet.



WELLS OF McCOOK COUNTY, S. DAK. 249

McCOOK COUNTY.

-

1 t

The area of artesian flows in this county appeai‘s to be restricted to the west
half of the northwesternmost townships, where, in an area of about 85 square miles,
there are several small flowing wells. These derive their waters either from the
basal drift gravels, or from the chalk below in an extension of the shallow artesian
vegion of Sanborn County. To the east and south the quartzite rises nvearly to the
surface and cuts off the source of supply. o

The following list comprises all the flowing wells in McCook County from

which returns were received:
/

- List of artesian wells in McCook Co(un.ty, S. Dak.
Location, ete. Depth, ﬁgfgﬁ)ﬁ' Remarks.
, minute. .
Feet. | Gallovs. 3
J. N. Dickens, T. 104, R. 56, seC. 8 ..o oot et ineiaiiaannn- 123 30 | In chalk rock.
J. F. Gurney, T. 104, R. 56, seC. 17 . ..o ooieeeiaianee. .. 8| 150 '
_N.G.Hall, T.104, R. 56, 8ec. 21 . ... .. ... .. ... ....... 175 | .
John Madkins, T. 104, R. 56, sec. 30 ... ... ... ... 172 . 25 ) :
F. J. Butler, T. 104, R. 56, sec. 6. ... ... e . 95 10 Do.
John D. Hoafer, Bridgewater . .........oooeeeeimaeeneo... 13 |........
Jacob Wahl, Bridgewater. . ...........o....ooooooooio.. 160 13 | No flow.
Robert Glen, Bridgewater. . ... .. .. ... e e 196 | ........ Do.

These wells, which are all 2-inch bore, usually supply hard waters. The yield
of those.that flow is reported to be decreasing. }

The quartzite lies at only 100 to 154 feet below the surface about Spencer, and
at various depths from 150 to 500 feet 6r more in the region south and east. At
Salem, according to Colonel Nettleton, it was found at a depth of 222 feet and was
penetrated 25 feet. Water which rose to within 75 feet of the surface was found
in this boring in sand at a depth of 215 to 220 feet. At Bridgewater a similar water
horizon was found at a depth of 224 feet, but the bottom of the boring at the depth
of 229 feet did not reach the quartzite.

- MEADE COUNTY. 1

Meade County extends northeast from the flanks of the Black Hills to the
‘divide between the Owl and Sulphur Creek. To the east it extends for some
distance along .the west side of Cheyénne River, and it comprises the lower
portion” of Belle Fourche Valley. A wide range of. formations is included
within its limits, extending from the granites and schists in the Black Hills'uplift
to Laramie sandstones and shales in the highlands north of the Belle Fourche.

. -
\
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On the slopes of the Black Hills the older rocks are exposed, dipping so steeply
to the northeast that they are soon carried to a considerable depth. The dip
diminishes away from the hills and thence, to the northeast, the strata lie
‘nearly horizontal. .

The Dakota sandstone is exposed in the hogbacks on the flanks of the Black
© Hills; it passes beneath the surface and, along the Belle Fourche, lies at a
depth of 1,900 to Q,O()O feet or more in the lowlands and of more than 2,500 feet on
the divides. Probably it lies still deeper in the northeastern portion of the county.
This sandstone contains artesian water, which enters ‘it at a high altitude, and,
as indicated by the flowing well 6 miles north of Sturgis, has suoflicient head to
afford artesian. flows in the lower lands eastward.

Fort Meade.—Several years ago a well, which was sunk by the quartermaster’s
department at Fort Meade, just east of the Dakota Hogback Range, developed a
12-gallon’ flow of excellent water at a depth of 322 feet. With the expectation
of finding additional supplies it was continued deeper and penetrated the Speartish
red shales to the Minnekahta limestone, where, unfortunately, it was discontinued
without testing the prospects of obtaining water in the upper sandstones of the
Minnelusa. formation. The record of - this boring, ‘based mainly on samples

furnished hy the quartermaster, is as follows: =
Record of boring at Fort Meade, Meade County;S. Dak.
Feet. .
0- 25..sandstone and gravel. .

25~ 50..buff sandstone, fine grained.

50- 75..buff sandstone, coarser.

75-- 100. _buf sandstone, medium grained.

100~ 125..gray shale. )
T 125— 153..yellow sandstoie, fine grained. ‘ .

153- 185..gray shale. ' ) )

185- 200..coarse sandstone, dark colored.

200- 225..gray sandstone; some shale.

225~ 250. .light-gray shale. , - -~
© 250- 288..dark shale with pyrite.

288- 322 -_sandstone, fine-grained basal Lakota, with shale layers.

At 322..water of good quality, which rose 2 feet above the surface, and flowed

10 to 12 gallons per minute. '

322~ 600. .light-greenish-gray shale.

600~ 603..very dark shale. 1

603— 745._blue shale.

745- 770..red shale.

770- 771._.blue shale.

771-1,440..red shale with gypsum at 890 feet,"aln.d some gray shale at 850 and

940 féet; gypsum, 910 to 930 feet.

1,440-1,450. .limestone (Minnekahta).

“
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. It is probable that in Red Valley, in the western part of this county,-the
sandstones of the Minnelusa formation would be reached at moderate depths and'
would furnish water supplies, and it is possible also that waters under considerable
* pressure might be obtained from the undellymg formatlons, the Pahasapa lime-
stone and Deadwood sandstones.

"Sturgis.—In a well completed in Febr ua1y, 1904, an excellent supply of ﬂowmg
water was obtained 6 miles north of Sturgis, in the south-central portion of sec.’S,
T. 6 N., R. 5 E., from a depth -of 600 feet. The boring has a diameter of 3% inches,
was' sunk to a depth of 750 feet, and obtains its water from an 85-foot bed of white
sand of the Lakota formation. The flow is said te run in large volume: and have
sufficient pressure to rise to a height of 85 feet or more above the surface. The
following record was furnished:

" Record of well 6 miles north by west of Sturgis, 8. Dak.

Feet. .
0-275. e i dark shales. i
275485 .. light shales and sand.
435-505.. . ... red (,Ia}
b0b-H85. ... “‘rocks.’
3 | soft sandstone with large flow of water at about 600 feet.
At 670, o lilll coal, 1 inch thick. :
" 670-685.. . ... ... -e...dry sand.
B85T05 . - e, black shales, with 2 inches of coal.
705—'755 .................. green shales, with thin limestone layers.

A small flow was found at 440 feet.

This. boring was begun in the Graneros shales, passed through 70 feet of the
-Fuson formation from 435 to 505, then through 180 feet of Lakota sandstone, and
penetrated 70 feet into the Morrison. The altitude of this boring is 3,225 feet,
and the occurrence of flowing water indicates that flows are obtainable over a wide
area of the lowlands adjoining the east slope of the Black Hills.

MINER COUNTY.

Miner County lies on the east side of James River Valley and extends up the
slopes of the coteau eastward, its western half lying in the Dakota artesian basin.
The surface of the co{mty is covered by glaciai deposits, which lie on Pierre clay
in the central and northern parts and on Niobiara chalkstone in the south part.
There is the usual succession underground of Niobrara Nand Benton formations
underlain by Dakota sandstone, except.in the east-central and southeast portions
of the county, where this sandstone abuts against:-an underground ridge of Sioux
quartzite, on which the overlying formations overlap eastward. In the western
half of the county the formations dip gently to the northwest away from the
qua1tz1te ridge.
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The depth to the Dakota sandstone is 375 feet in the southwest corner of the
county; it increases gradually to the east and then to the north to from 750 to 800
feet along the north margin. The sandstone contains water throughout its extent
under sufficient head to afford vigorous flows in the lower lands comprising the
There is an 884-foot well at Carthage which obtains a

flow from a depth of 768 feet, and there are numerous deep wells in the southwestern

‘western half of the county.

townships which obtain flows from the Dakota sandstone at depths of from 380 to
550 feet.
150 to 250 feet from sandstones in the Benton shales, and also at depths of from.
50 to 140 feet from the base of the drift deposits. These shallow wells are numer-
ous in the southwest corner of the county, and afford excellent water supplies for

In the two southwest townships flows are also obtained at depths of from

local use. Ordinarily the deeper wells are sunk only when the shallower horizons
do not afford sufficient supplies. In the central-west portion of the county there
are numerous wells about 400 or more feet deep which obtain water from the sand-

stone underlying the Niobrara chalkstone; it hag, however, to be pumped to the

surface. The following is a list of the wells in 7nhis\county:

List of representative artesian wells in Miner County, S. Dak.

ToWn: punge.| Average { sield per Remarks.
Feet. Gallons.
105 56 | ° 73-146 5- 75 | Flows from bage of drift.
225-320 100 | Flows from Benton upper sandstone.
105 57 55-150 2- 50 | Flows from base of drift.
175-490 2-100 | Flows from sandstones in Benton group.
105 | 58| 100-140 | ' 10- 60 ' Flows from base of drift.
170-396 :  15-150 | Flows fromn sandstones in Benton group.
106 | 56 80,126 50- 90 | Flows from base of drift.
450,465 .. ..... .. Nonflowing wells at Howard and Vilas.
106 | 57| 66-120|  3-100 | Flows from base of drift. ‘
145-176 5- 50 | Water from upper Benton sandstone, )
106°| " 58 84-100 Many | Flows from base of drift.
107 96 | 450, 580 Many | No flow; good pump supply; soft water.
107 58 ‘ 60 Many | Flow from base of drift in section 31 only.
108 57 884 60 | Carthage city well.
) 408-450 Many | No flow; good pump supply; soft water.
108 58 | 405-430 - Many Do. . ‘
|
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" MINNEHAHA COUNTY.

The Dakota qandstone appears not to e\(tend ‘into this count\' at all, unless
possibly under a amall area’in its northwest corner. The Stoux quartzite has been
reached by numer ous borings at no great depth, and in many places is overlain by a ‘
OIeatel or Jess thickness of Benton shale and Niobrara chalk. The quartzite out-
crops extensively along Sioux River and some of its branches. In some places wells
in this quartzite obtain a small amount of water from crevices, but a boring 575 febt
deep,at Sioux Falls failed to obtain any useful amount of water and was in Qua'rtzit,e(
throughout. It was found that the formation varied somewhat in hardness.

MOODY COUNTY.

The Dakota sandstone appears to be entirely absent in Moédy County. The
formations, comprising the Pierre, Niobrara, and Benton shales lie on the Sioux
"quartzite, which outcrops in the southern portion of the county and has been reached
- by numerous wells to the north. Some of the sandy beds in the Benton yield small
amounts of water, but without sufficient head to flow at the surface. Seven miles
southeast of Flandreau the pipestone of the Sioux quartzite series was penetrated
for from 230 to 236 feet under sand, shale, and sandy shale. Five miles west and
1 mile south of the same town a well 455 feet deep found water in sand and water
is obtained at Flandreau in sand at a depth of 126 feet. Sioux quartzite is reported,
at a depth of 100 feet north of Flandreau and at about the same depth 10 miles
northeast of that place. '

A well about .2 miles east of Trent is reported to have the following record:

Record of well in sec. 8, R. 48, T. 105, near Trent S. Dak.
Feet.

0-180.......... ', ................ e yellow clay and blue clay.
180-192. ... ...... e e sand; no water.
192220 o SR sandy clay. '
220-230. . e -.....sand; with some water.
230-360. ... .. ._... R clay, with thin bed of sand at 300 feet.
360363 -« e P sand, with main water supply.
. Lo s PENNINGTON COUNTY.

The geologic relations in this county are very smn]al to those in Custer
County, except that the dips on the east’ side of the Blick Hills uplift average
somewhat less. They are sufficient, however, to carry the Dakota and associated -
sandstones rapidly beneath the surface, so that at 4 distance of 10 miles east of the
Hogback Range their top is at a depth of 2,000 feet. In-the valley of Rapid Creek,
in the east portion of the county, the sandstone is believed to lie at a depth of about
‘2,400 feet, and along Cheyenne River, at depths of from 2,100 to 2,300 feet, as

/

)
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nearly as can be estimated from a determination of the structure of the Pierre shale
based on the distribution of the ‘‘tepee” zone. Several borings of moderate depth .
have been made east of Rapid, but they have not been sufficiently deep to reach the
Dakota sandstone. Tt is stated that in one boring a half mile southeast of Rapid
a sandstone, probably a sandy layer in the Benton forination, was penetrated at a
depth of 400 feet and yielded a small flow. It is probable that the Dakota
sandstone would yield flows throughout the portion of this county east of the
Hogback Range, except on the higher divides. The prospects for underground
waters in the Red Valley are the same as in Custer County.

PINE RIDGE INDIAN RESERVATION.

This large reservation extends from the valleys of Cheyenne and White rivers
onto the high table land of Pine Ridge, comprising broad valleys, extensive badlands
districts, and wide areas of high plains. The altitudes range from about 2,100 feet
in White River Valley in the extreme northwest corner of the reservation, to 3,800
feet or more in the high ridges east of the agency. The high plains are heavily
mantled by soft Arikaree sandstone, and the lower slopes are mostly of the under-
lying White River formations exposed by erosion and giving rise to extensive bad-
lands: In-the northeast and the west portions of the reservation the Pierre shales
‘are cut into by White and Cheyenne rivers, and in the extreme southwest corner the
Niobrara and the Benton formations appear. The geologic structure probably is
relatively simple, the strata in the eastern portion of the area dipping ‘gently to the
west and those in the western secmon dipping gently to the east on the slope of the
Black Hills uplift. .

Along White River, in the southwest corner of the reservation, a sharp local
uplift exists by which the Niobrara and the Benton formations are exposed. The
depth to the Dakota sandstone varies considerably in the reservation, owing largely
to variations in the altitude of the land. As the thickness of the overlying Benton,
Niobrara, and Pierre beds has not been very accurately ascertained, the depth to
Dakota sandstone, as indicated on the map, Pl. LXIX, can be given only approxi-
mately, and for. the south-central part of the reservation, where the Arikaree
formation hides the underlying strata, no estimates can be made. The thickness
of the Pierre shale doubtless reaches a thousand feet in the northwest corner of
the reservation, but the amount diminishes gradually to the ‘east. The Benton
group, which has a thickness of somewhat over 1,300 feet on the southeast slopes
of the Black Hills, undoubtedly thins rapidly to the east, for it has less than half
of that amount on Missouri River.  The Niobrara chalk and associated deposits
probably preserve a-thickness of about 200 feet throughout. The White River
beds lie on a somewhat uneven surface of Pierre shale, eroded so that its thick-
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ness varies considerably. From these factors it is believed that the Dakota sand-
stone lies at a depth of about 1,800 feet along, White River in the extreme
northeast portion of the reservation, and that the amount gradually increases west
to. 2,300 feet near Interior, a thickness which probably is uniform nearly to the
mouth of White Clay Creek.. Thence to the south the uplift brings.the Dakota
sandstone very much nearer the surface, so, that, near the State line on White .
River, it is probably not more than 1,100 or 1,200 feet deep in the center of the
anticline. At the Pine Ridge Agency the sandstone: will probably be found at a
depth of 1, 400 to 1,500 feet. In the divide between White and Cheyenne 11vels
and in the bad-lands slopes south of Whlte River east of the mouth of Wounded
Knee Creek, the Dakota sandstone lies 2, 500 feet or more below the surface.

Judging from the general slope of the head of the water in the Dakota sandstones
between the Black Hills and Missouri Valley and eastward, it is probable that
flowing water may be expected on the Pine Ridge Reservation in the valleys of
Cheyenne and White rivers, up to an altitude of 8,000 feet in the northwest corner,
2,600 feet in the north-central portion, and 2,200 feet in the eastern portion. This
comprises all of the bottom lands, a moderate proportion of the slopes, and the
lower portions of the valleys of the side streams of Cheyenne River and White
River valleys below Interior post-office. According to the best estimates the Pine
~ Ridge Agency is at ‘an altitude of 3,300 feet, so that there is no probablhty of
) obtamlng a flow in White Clay Valley at that place.

POTTER COUNTY.

This county extends east from Missouri River, comprising a narrow area of
lowlands in the valley, with a rapid rise. east to an elevated undulating district
of drift hills. Along-the river the altitude is in the neighborhood of 1,500 feet; in
the highlands it is mostly at about 1,800 fegt, though in portions of them it is
considerably above 2,000 feet. The region is underlain by a thick mass of Pierre‘.
shale mantled by glacial deposits and underlain by Benton and Niobrara shales
and by Dakota sandstone. The latter contains a large volume of water under great
pressure, as demonstrated by the experience of the well at the Cheyenne Agency on
the opposite side of Missouri River and the well at Gettyshurg. . The agency well,
having a pressure of 205 pounds to' the square inch, indicates a head sufficient to
raise the water to an altitude of 1,970 feet. The Gettyshurg well, which is on land
* having an altitude of 2,082 feet, has a water level 108 feet below the surtace,
indicating a head of 1,974 feet. In the adjoining county to the east, the head is less,
indicating a rise to the west.. Two wells on the highlands just east of Missouri
River obtain satisfactory flows—one east of Forest City at 1,604 feet, and the other.
south of Forest City at 1,761 feet.
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From these features it is seen that artesian waters would be available in Potter
County in all but the very highest lands, which comprise the elevation on which
Gettysburg is situated and the Bowdle Hills along the eastern margin of the county.

Gettysburg.—The Gettysburg well has a depth of 2,130 feet. It is 3 inches
in diameter and yields soft water, the principal supply being found at a depth

- of 1,780 feet. The following record has been furnished by Mr. C. L. Nicholson.

the driller:

Record of well at Gettysburg, S. Dak.
Feet

0- 2 et acaeneeaaaan black soil.
2= B0 Ll iiiiiiaan yellow clay.
30— 180. . i blue clay.
1801, 430 . .o i iaaaaaa blue shale.

1,430-1, 470 L i very hard rock.
1, 470-0, 780 . e e e sandy shale with much pyrites.
1,780-1,980 . el sand rock with water.
1,980-2,000. ... ooioi L e sandy shale.
2,000-2,040__......__. e e iiaceiiaaan sand rock.
2,080-2, 180+« oo et el sandstone and shale alternating.

ROSEBUD INDIAN RESERVATION,

This reservation comprises about 5,000 square miles of the plains lying south
of White River in the south-central portion of South Dakota. The greater part
of the surface is rolling, with numerous deep 'valleys draining into White River
to the north or Missouri River to the east. It also contains the headwaters of Ponca
Creek and Keyapaha River. The ‘altitudes range from somewhat less than 1,200
feet on Missouri River to 3,000 feet in the southwest corner of the reservation.

The predominating formation of the region is the Pierre shale, overlain in
thie higher lands of the south by White River and Arikaree deposits, and cut

¢ through by the Missouri, ‘which exposes the underlying Niobrara chalkstone
along the east side of the reservation. The beds lie nearly horizontal, dipping

" very slightly to the west. Beneath the Pierre shaie there is the usual succession
of Niobrara chalkstone, Benton shales, and Dakota sandstone. In the lower lands
to the east this sandstone is less than a thousand feet below the surface, but lies
deeper to the west, and, in the higher lands southwest of the Rosebud Agency, is at.
least 2,500 feet deep. On White River, in the northwest corner of the reservation.
the depth is probably about 1,900 feet. )

Only one boring has been sunk in the area. It is located on the high lands
at the head of Oak Creek, on the divide between the White River and Keyapaha
drainages.. It was sunk by the Indian Bureau with the expectation of obtaining
a flow that would fill some of the creeks with water, but this project was not -
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A WATER TANK AT BELLEFOURCHE, S. DAK., FILLED BY DIRECT FLOW OF 500-FOOT ARTESIAN WELL,

B. TYPICAL DEEP-WELL RIG AT DEEP BORING, ROSEBUD RESERVATION, S. DAK,, 25 MILES NORTHEAST OF AGENCY.
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vealized. A depth.of 2,500 feet was attained and the Dakota sandstone pene-
trated for several hundred feet, tinding water in moderate volume, which rose to
within 500 or 600 feet of the surface. _The ground at the well has been found
by recent leveling to have an altitude of ~,626 “feet, so that the water level at
the well is between 2,026 and 2,126 feet above sea level. This head indicates
that flows might be expected all along White River Valley and for some distance
up the adjoining valleys and slopes, probably to the western margin of the
reservation. This altitude of head probably increases slightly to the wes/t,
approaching the Black Hills, and decreases to the east, as shown by the experi-
ence of wells along Missouri Valley. Adjacent to this valley' there is sufficient
head to afford flows far up the slopes, but not on the: wide areas of high plains
in the eastern portion of the reservation. (See Pl. LXI, B.) ‘

,  Roscbud well.—This boring was made in 1895, 1896, and 1897, and, while a
costly experiment, has thrown very important light ofi undérground-water condi-
~ tions over a wide area of south-central South Dakota. ~The depth of the boring
572,500 feet. It was cased with 8&-inch casing to 2,145 feet, then with 6-inch
casing. The following “record is given, based on samples kindly furnished by
Mr. Wright and Dr. McChesne'y, the Indian agents: :

" Record of the ““ Rosebud well,” Rosebud Indian Resermtwn, S. Dak. .
Feet.
0- 350. .Tertiary sands and clays.
350~1, 390. .dark-gray shales.
at 1, 390. . water which rose to -1,140 feet.
© 11,3901, 550. -light-gray shales, with water at 1,490 feet
1,550-1,730. .light- -gray limy shales.
1,730-1, 860..dark shales.”
1, 860-1, 880. .sandstone and limestone.
1, 880-1, 885. .hard sandstone, with water to —600 feet. ' N
1, 885-1, 920. .shale, darker below: e
1,920-1, 950 .hard sandstone. . .
1, 950-2, 075. -soft shales, with thin limestone bed at 2,060 feet.
2,075-2, 100. . (unknown),
2,100-2, 140. .gray sandstone, hard at top.
2,140-2, 150. _soft shale.
2, 150-2, 175. . porous sandrock, with considerable “ater which rose to within 500 (¢)
’ feet of the surface. ’
2,175-2,210. . (unknown).
2, 210-2, 240. _shale. f
2, 2402, 290. .sandstone. o
2, 290-2, 292 _gray shale. ’
2, 292-2, 500. _fine-grained sandstone w1th some shale and py rltes, with water mainly
at 2,295 feet. .

10001—No, 32—05—=17
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_ The uppermost beds belong to the Arikaree and White River formations. The
Pierre shale underlies these formations to a depth of about 1,550 feet, a' thickness
of 1,200 feet, to. the Niobrara chalkstone, which appears to begin at a hard lime-
stone layer and to comprise nearly the next 200 feet of limy clays to 1,730 feet. The
underlying shales with thin heds of sandstone and limestone belong in the Benton
formation, which extends to at least 2,100 feet, where thick beds of sandstone hegln
and continue thence-to the bottom, prohably representing the Dakota sandstone
for the lower 200 feet at least. The volume of water in the sandstone in this well
was not thoroughly tested, but it was the idea of the drillers that it was moderate,
which is surprising when the large flows in some of the wells to the north and east
are considered. The sandstones in the well are very fine grained and on this account
- much less permeable than in some other localities. -Itis unfortunate that this boring
was not continued through the Dakota sandstone to test the water pressure in the
lowermost beds, and to explore-underlying formations in which waters might be
expected to have still greater head. ] ‘

It is possible that this region is underlain by the eastern extension of some of
the sedimentary formations older than Dakota sandstone, which ‘are s0 prominent

in the Black Hills. 4
SANBORN COUNTY.

Sanbornu(:‘ounty lies in James River Valley and comprises a very important
portion of the Dakota artesian basin. It is underlain by Pierre shale, Niobrara
chalk, Benton shales and sandstone, and Dakota sandstone, lying on a floor of
quartzite and granite, all dipping gently to the north. The surface is deeply covered
hy drift and superficial deposits and there are no outcrops of the underlying rocks,
all knowledge of them being derived entirely {rom well records. The Pierre shale
underlles the northern portion of- the county only, the drift in the southeln portion
of the county being underlain by the Niobrara chalk.

The depth to artesian water increases nearly regularly from north to south,
except that in Janies River Valley, which is excavated to a depth of about 100 feet
below the surrounding plains, the depths are correspondingly less. Dakota sand-
stone, usuﬁlly near its top, is the principal source ot water supply, though sand-
stones at various horizons in the Benton formation also afford flows of moderate
volume,. * In the east-central portion of the county about Artesian there is an area
of considerable extent in which flowing waters are obtained from the base of the
drift at depths mostly from 50 to 110 feet, the water probably having its: source
" through leakage from the upper sandstone of the Benton formation. This sand-
stone is a persistent member throughout the greater part of the region and is
reached by many wells of moderate depth, especially in the district about Letcher.
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The depths of wells to the Dakota sandstone averages from, 340 to 450 feet along the
southern margin of the county, increasing to 475 feet in the higher lands to the west
and diminishing to less than 300 feet in the valley of James River. To the north .
the increase in depth is regular; along the northern margin of the county it is .
about 750 feet on the higher lands and 700 feet in the trough of J e{mes River Valley.
The waters have considerable head, the altitude of which is about 1,400 feet in the
southern part of the county, 1,500 feet in the central and eastern portidn, 1,600 feet,
about Woonsocket and northward, and about 1,550 feet in the northeast correr.
T'his head is indicated by a pressure of 130 pounds to the square inch at Woon-
socket, and 90130 pounds to the square dnch in the vicinity of Letcher. A view of
the Woonsocket well is given in Pl. LX, B, which clearly shows that the water is
under high pressure, forjt is being jetted to a height of over 100 feet above the
surface of the ground. The volume of the water varies considerably, but, in.
. general, increases to the north. At Woonsocket a flow of 1,150 gallons per minute
is reported from a well 6 inches in diameter. The- followin.g is a list of the principal
wells in Sanborn County: -

List of artesiun wells, by lowﬁships, in Sanborn County, S. Dak.

o vange | pen, | AT | S
l minute. »
i ° " Feet. Gallons.
T 105 59 312 |..........| Flow from sandstones in Benton formation.
. 380-476 |.......... Flow from Dakota sandstones.
105 60 75-100 |...l.. ... Flow from Pleistocene deposits.
400 |oo.....o.. “ Flow from Benton formation.
360-630 15-165 | Flow from Dakota sandstones. One well has a 35-pound
N pressure. .
105 61 | 250-420 |.......... Flow from Benton formiation.
<, - 348-670 . 4-125 | Flow from Dakota sandstone. One well, 80 pounds
‘ pressure. :
"Letcher. 585 80 | 90-pound pressure.
105 62 | 300410 |.......... Small flows from Benton formation.
400490 |- . een.. Small flows from Dakota sandstone.’
106 | 59 |  80-201 |.......... Flow from Pleistocene deposits,
625-701 |eeecanan.. Flow from Dakota sandstone.
Artesian. ©708 120 " Do. ’
106 60 60-118 | ......... Flow from Pleistocene deposits.
’ 580-686 [ eoen-n. Flow from Dakota sandstone.
106 ) 61 68-72 | ... ..... Flow from Pleistocene deposits.
| 350-373 |-..oooaa.n Flow from Benton formation.
560-576 | ucaeoo-. Flow from Dakota sandstone.
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List of artesian wells, by townships, in Sanborn County, S. Dak.—Continued.

l;%v:;x- Range. Depth. ﬁ;jﬁfl})geer - Remarks.
minute.
' Feet. Gallons. ' . . i

107 59 1 47-1100.......... Flow from Pleistocene deposits.
107 © 60| 70-125 |......... Do. s
107 62| 689-750 |.._....... Flow from Dakota sandstone. .

Woonsocket. |, . 725 1,150 | Flow from Dakota sandstone; 130-pound pressure.

Woonsocket. | 75 Many. | Pressure 125 pounds (mill well).
108 60 74-80 I Flow érom Pleistocene deposits, One 40-gallon flow.

’ 530 [......... Flow from Benton formation.
08|~ €2 792 23 | Flow from Dakota sand;tone.
i ‘ . . -

Records of some representative wells are as follows:

Record of- mill well at Woonsocket, S. Dak.

* Féet.
(L yellow clay and blue clay.

2B~ A5 i sand. -
L - S blue clay.

58— 65 . et hardpan.

65— 95 . ...... e sand.

95-165 ... hardpan and gravel.
165-412. . o shale with pyrites on top, **soapstone’ below.

C412-436. . e hard sandstone on brown sandstone. '

436-637.. ... ...... [ "soapstone and shale with pyrites.

637645 . ... hard lime rock. v

645690, . ... shale, -

690-697. . . ... e ... hard rock on shale.
S sandstone with water.

Record of wal‘on Sfarm of H. K. and E. O. Ashwnore, near Artesian, S. Dak.
Feet. ’ ’
0-130. . drift.
130-140. _chalk rock.
140-190. _shale. ]
190-235. _sandstone; no water. ) )
235-690..shale, with first flow at 530 feet, layer of sand rock with water at 630 feet,
rock, not very hard at 690 feet. _—

s



WELLS OF SPINK COUNTY, S; DAK. : 19261

Record of well in northwest quarter sec. 18, T 106, R. 59.

Feet.
0-130. .0 e glac1a1 deposuts ............................ .
\ 130-140. ... ..... e .chalk. ... S SNSRI b
T40-200 el e shale ..._................... e -
200-262.. . . aaaeao sandstone . ... ... .ol .n.. )
C262-525. ..ol .....shale. At 525 feet, sandstone with first flow. Ben_»ton

595626 . .- e anl shale ..._.. R, S f 1
626-630. . ..o sandstone with second flow... ... .. ... .__. ,
630-699_ . ...l $hale . ooooooie e e
699 70 ) S S ".sandstone. .

Apparentlv the first. two -flows in this well are from the-thin sandstones in the
" Benton for matlon and in fact chalactellstlc Benton fOSSl]b were Obtamed near its

bottom. -
Record of the Ryan well ut Letcher, S. Dak.
Feet. - .
N e (7).
100-170. oo cieiaia.n _......,..--.....‘...-.._.-.chglk.y'__, )
F70-200. . oo e ... e sandstone.
200-300- - e e e el shale.
800814 - e e et mmeeaae sandstone with flrst flow
R 1 1 23 . eeieieieeaaaa shale '
513521 i s . hard sandstone.
O D, S sandstone, with 125-gallon flow.

In"this well the Dakota sandstone evidently begins at a depth of 518 feet, and the
usual first flow is found in the second sandstone in the Benton formation, at 300 feet.

Record of city-well af Arzman, S. Dak.

Feet, . .
0-63 ........ drlft deposws ¥
63-123........dark shale.
123-250........ dark shale with lime rock and pyrites, thin bed of sandstone at base
250-675........ dark shale, "
675-680. ... *..sandstone, with 50-gallon flow.
680-684___.... hard sandstone (?).
684-708...... - .sandstone, with 120-gallon flow.

SPINK COUNTY.

Spink County is in James River Valley and consists mostly of a level plain with
an average altitude of about 1,300 feet, traversed -by the shallow valleys of the
river and the creeks. The surface is mantled with drift deposits, mostly stratified,
-but presenting a few morainal hills. The underlying formations are Pierre shale,
below which there is the usual succession of Niobrara, Benton, and Dakota forma-
_tions lying on granite and possibly quartzite in some places. The Niobrara appears
_to be represented by shale, or by chalk so mixed with clay that its distinctive -

-
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features are not recognized mby the well borers. The entire county lies within the
" Dakota artesian basin and its waters are tapped by numerous wells, there being
probably nearly 75 in all. They average about 900 feet in depth, in most cases
obtaining their water from the upper por.tion of the Dakota sandstone, though a
tew of the deeper ones reach lower strata. The beds lie nearly horizontal, but rise
slightly to the southeast, owing to an underground ridge of quartzite and ‘granite
which extends across the southeast corner of the county. Some of the wells in
the vicinity of this ridge which have not obtained satisfactory water supplies have
been sunk to the granite in the hope of obtaining greater volume. The waters have
high pressure, averaging over 100 pounds to the square inch throughout the county,
rising to 165 pounds at Mellette and to 177 pounds at Redfield, and diminishing
to 50 pounds in the Glidden well, a short distance northwest of Hitchcock, where
granite was reached. The principal features of the wells in Spink County dre
given in the following list:

List of artesian wells, by townships, in Spink County, S. Dak.

Feet. Gallons. ’
114 | - 62 890-1, 000 30-1,000 | Pressures of 125 and 150 pounds. p
114 63| 909and 1,150 | 550 and 1,200 | Pressuré, 50 pounds.
114 64 921 35
114 65 940 35 .
© =115 61 1, 050 R 75 | Pressure, 87 pounds.
116 | 61 940 |._... s i
116 | 62 910-920 3540
. 895 600 | Blaine well. ©
1,008 | .o Town well. }Frankfort‘ "
116 | -63 880-923 | 25-80
116 64 960-1,060 J.....oiiaaaan.. Redfield city wells, Nos. 2'and 3.
116 | 64 | " 956 : 300 | Institution for feeble-minded. -
16| 64| 858-965 | . 45-175 ‘
964 - 1,260 | Pressure, 177 pour;ds (Redfield town well). ~
. 1,025 1,900 | Well of Hassell & Myers in Redfield.
117 60 897 and 957 370 and 600 | Pressure, 122and 112 pounds (Doland town wells).
117 61 952 : 110 ) -
117 62 950 | 350
17} 63 908-1, 052 21-45 . g
117 64 957987 | ... N
117 - 65 890-955 35-65
118 60 850-986 25-35
920 1,300 | Turton town well.
118 | 61 873-988 | 3540 »

- 1181, 62 863-1, 012 25-120 ' . .
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List of artestan wells, by townships, in Spink County, S. Dak.—Continued.

TN minge Deptn. | Average vild per Remprks, i
Feet. ' Gallons.
118 63 870-882 10-200
118 | 64 870-1,021 | 40-160 . \
925,1,003 | 100 and 2,000 | Pressures, 60 pounds and 150 pounds. C., M. and St.
. P. R. R. well, and mill well at Ashton.
118 65| 932, 960 ¢ 36 | Pressure, 150 pounds.
'1l9 60 | . . 891-925 . 30-150 | Pressure, 130 pounds. '
e | 61 825-970 | . 2-60 f
119 62 910-975 - 2645
119 63 920-958 | 60-894 | Pressures, 141 pounds and 153 pounds.
119 64 920-1, 065 467-1, 320 Pressllir?s from 156 to 1656 pounds (Mellette town
wells
119 64 980,1,020 | 1,900 and 150 Northville wells. ' - -
120 60 D960 | ool ~--| Well in' Conde.
120 62|  950-1,170 '20-30 ) K
120 | 63 920 180 : )
120 64 - 900-948 | . 12-84 | Pressure, 120 pounds.
120 | 65 918 278 =

The records of boringsin Spink County are Very uniform. There are 800 feet or
more of shales representing the Pierre, Niohrara, and Benton formations; the latter
usually containing some thin beds of sandstone and limestone, with small flows.
The Dakota sandstone has not been penetrated deeply in the northern portion of the
county. At its top there is usually a thick mass of sandstone and sometimes bodies
of shale. In the southern part of the county, where the crystalline rock has heen
reached, the sandstone was found to be of variable thickness, being about 200 feet
in the Glidden well a short distance northwest of Hitchcock, and only 150 feet in the ‘
Budlong well 5 miles northeast of Hitchcock. In both of these places the sandstone
was in thin layers separated by considerable shale, mostly of light color, in marked
contrast to the.conditions in other wells not far distant, in which thick masses
of sandstone were fOund as, for instance, in the boring at Frankfort, in whlch
200 feet in one nearly continuous mass was penetrated.

STANLEY COUNTY,
Including northern part of Lower Brule Indian Reservation.

This county comprises an area of nearly 5,000 square miles in the central part
of South Dakota, extending west from Missouri Rlvel Valley south of Cheyenne '
River, and in its southwestern portion reaching VVhlte River. Very nearly all of
its area is underlain by the Pierre shale, except in small areas of overlying Fox
Hills sandstone west of Grindstone Buttes, and along the eastern margin of the
White River badlands formations in the southwest corner. Under the Pierre shaie
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there is the usual succession of Niobrara chalk, Benton shale, and Dakota sandstone,
underlain to the ‘cast by granite or quartzite and probably overlapping to the west
onto the.eastern extension of some of the earlier Mesozoic.and Paleozoic rocks that
extend underground from the Black Hills région. - The beds appear to lie nearly -
level under the greater part of this county; or to dip gently to the west.

The depth to the Dakota sandstone at Pierre is about 1,150 feet and gradually
increases as the land rises westward. In the northeast corner of the county, at the
mouth of Cheyenne River, the depth is probably about 1,250 feet. On this
river, in the northwest corner of the county, the depth is probably nearly 2,000 feet,
or possibly more, if there is any unusual thickness of the formations in this direction. .
In the southwest corner of the county, on White River, the depth probably is
somewhat greater and reaches very nearly 2,500 feet, and on the head of Bad River
this amount must be considerably exceeded. On the high divide between the rivers
the depths are from 300 to 500 feet greater than in the valleys:

Judging by the pressure of the waters in the wells at Pierre and the probable
increase in head to the west, flowing” waters 1i1ay be expected in the large val-
leys and part of the way up the slopes all across the county, but it is exceed-
ingly .important that'a well be sunk in some portion of this outlying region to
ascertain the head of the artesian waters in the country midway between Pierre
and the Black Hills. ‘

’ . SULLY COUNTY.

Sully County extends eastward from Missouri River part way across the high
ridges lying between Okobbjp and Medicine Knoll creeks. The high'lands are
covered more or less thickly by glacial drift and the entire region is underlain
by a thick mass of Pierre shale. The-Dakota sandstone lies deep, even in Missouri
Valley, but has been reached by a number of wells and found to contain large
volumes of water having sufficient head to afford a flow throughout the area.
The following list indicates the principal conditions under which the waters are
obtained: _ o '

. List of artesian wells in Sully Conngy, S. Dak.

AV
Location, ete. Depth. D\?Vgtt]::rm Diameter, )'i;fgaxii F.emarks.
’ R * minute. .
. |
. Feet. Feet. ' Inches. Gallons. E
Mr. Wg%leigh, T+113, R.79,8E. 4+ | 1,565 | 1,565 |. 3-2 200 i Water saline,
sec, 32. .
Oneida, town well, T. 114, R. 77 - 11,560 |\ Pressure 21 pounds; hard, no
NW.} sec.11. s 7 } 1,717 1: 630 } 2 i 85 gas. P T
Pearl Township ““No. 2,7 T. 115, | 1,645 | 1,640 | ~ 2. 20  Water soft, warm, gassy.
R. 79, SE. 1 sec. 3. ‘
Pear] Township “No.1,” T. 115, | 1,781 | 1,600 2 65 | Pressure 25 pounds; soft, gassy.
. R.79, NW. { of NE. { sec. 28. - ’
A. Hallam, T. 116, R. 78, sec. 19..| 1,595 | 1,595 2 85 | Pressure 63 pounds; soft, gassy.
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' V ‘The following records of Sully County wells have been furnished:

Record of deep well in T 113, R. 79, SE. } sec. 32, Sully County, 8. 13ak.

Feet. ' . '
0- 2., s black soil ‘and gravel.
2- 30 il yellov{' clay, gravelly.
30— 190...... U blue clay (part till).
190~ _610. [ o) | 1<) 'shale, with slabs.
610- 680........ e black shale, with occasional slabs.
680~ TR0 coarse gravel.
720~ T83..iiiciiiea.nl) “shale ().
783~ 785..................very hard sandstone, with gas. ' ,
785-1,000. .o ..oeeoieao... blue shale, with ‘‘shells’’ of limestone.
1,000-1,060..................gray shale. )
1,060-1,400. ... ._.._._. .. .blue shale, with some limestone and slate..
1,400-1, 402« oo oomeeeeeen .. hard stone. : . ’
1,402-1,510...... e shale and sandy streaks, with first flow at 1,402 feet.
1,510-1,565. ..o ceaaaa.. ...fine sand rock, with hard shells; second flow, gas.

Feet. : -
0- B e black soil.
B B yellow -clay.
34— 170. i iaieiaaaaaas blue clay and gravel pockets.
170— 950. ... .. .oo... [ blue shale,” with hard shells.
950-1,200. .. ... black shale, with slate.
1,200-1,260. .. .o .l.ooioo.. AT gray shale.
1,260-1,400. . . oo o i blue shale.
1,400-1,560.. .. ....... . shale, sandy in streaks. . ’
1,560-1,630. ... ...._... U sandstone, with a few hard ‘‘shells,” first flow.
1, 636—1, ... e s .sand rock, second flow.

Record of well No. 1, Pearl Township, Sully County, S. Dak.

‘Feet. B . '
0- S black soil: .
I S S S yellow clay.
34 210.......oocec.ee.......:blue clay.
210-" 968 m e blue shale, with slabs 2 to 20 feet thick.
968- 970...... S shaly limestone.
970-1,020. .. - .ieeeeeen........shale. s
1,020-1,028. . oo oo limestone. ’
1,028-1,080._._....._..............shale. -
1,080-1,585.......... R blue shale, streaks of gray shale, and limestone.
1,585-1,780....... e eemeaan . -sandstone; water; flows not definite.
1,780-1, 781 e very hard rock.
4
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Record of deep well No. 2, Pearl Township, Sullg) County, S. Datk.

Feet. -
0 - 1%. . black soil.

13- 32 ..yellow clay. )
32 - 200 ..blue clay (till and Pierre ?).

200 - 210 ..sand. ’

- 210 ~1,240 ..shale, with hard layers.

1,240 -1,265 ..*““many hard layers of limestone.”’

1,265 -1,295 ._hard cap rock. '

1,295 -1,525 ..shale, with few ‘“shells’” (i. e., hard streaks, some gray below, blue
and black above). ’

1,525 -1,531 ..sandstone and water; no flow.

1,531 -1, 6_00 ..alternating shale and sand rock, 5 to 10-foot layers; water.

—

1,600 ~1,645 ..sandstone and flow of water, with gas.
1,645 ~1,646 ..very hard stone; probably granite.

TURNER COUNTY.

Turner County comprises a portion of Vermilion River Valley and the adjoining
prairies to the summit of Turkey Ridge. Its surface is mostly covered with glacial
drift which lies in thick masses on the higher lands. The Sioux quartzite rises in the
north and northeast portions of the county, where it is exposed at a number of points
and reached by numerous wells of moderate depth. To the south the drift is
underlain by the Niobrara chalkstone and probably by more or less Pierre shale
in Turkéy Ridge. The Benton formation and Dakota sandstone underlie the central
‘and south portions of the county, and abut against the slope of Sioux quartzite,
the edge of the younger formation probably extending for several miles northwest
beyond the margin of the older one.

Owing to the diminished pressure of water in the Dakota sandstone, artesian
flows. from this source are available in this county only in the southeast corner of
Vermilion River Valley. There are, however, at numerous localities, small flows
from the base of the drift at depths mostly of from 50 to 100. feet. A number of
deep wells, which have been sunk in Turner County, have found in the Dako<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>